


- 



/ 

I 



■\ 



OFFICE   OF   NAVAL   INTELLIGENCE. 

General  Information  Series,  No.  XXI. 

INFORMATION    FR( )M    ABROAD 

NOTES 

ON 

NAVAL    PROGRESS 

JULY,   190a. 

OFFICE     OF    NAVAL    INTELLIGENCE. 

WASHINGTON: 

GOVERNMENT    PRINTING    I  <n  i<  I  , 

L90 





LIST  OF  ILLUSTRATIONS. 

Page. 

Ersatz  Laudon,  Austrian  battleship,  10,600  tons    15 
Duncan,  English  battleship,  14,000  tons    23 
Queen,  English  battleship,  15,000  tons    24 
Good  Hope,  English  armored  cruiser,  14,100  tons    43 
Montcalm,  French  armored  cruiser,  9,516  tons    52 

Peresviet,  Russian  battleship,  12,674  tons    82 
Naval  ordnance    86 

12-pounder  and  6-inch  breech  mechanisms    90 
Breech  mechanism  (hand  lever)  for  9.2-inch  B.  L.  gun      91 
9.2-inch  breech  mechanism    92 

Breech  mechanism  for  6-inch  quick-firing  gun    92 
Breech  mechanism  for  12-inch  B.  L.  gun    92 
Barbette  mounting  for  two  12-inch  guns    96 
Barbette  mounting  for  9.2-inch  B.  L.  gun   -    98 

Barbette  mounting  for  24-centimeter  gun  (Krupp  type)    98 
Barbette  mounting  for  two  6-inch  guns    100 
Central  pivot  mounting  for  6-inch  50-caliber  Q.  F.  gun    101 
6-inch  gun,  center  pivot  mounting    101 
Vickers  6-inch  and  7.5-inch  Q.  F.  gun  on  pedestal  mounting    101 
Vickers  7.5-inch  wire-wound  gun    101 
9.2-inch  wire- wound  gun  with  loading  tray    101 
3-inch  ( 14-pounder)  automatic  quick-firing  gun    1 02 
Mechanism  for  3-inch  (14-pounder)  semi-automatic  quick-firing  gun    102 

3-pounder  automatic  gun  with  hopper  feed    103 
47-millimeter  (3-pounder)  automatic  gun  with  hopper  feed    103 
Comparison  of  dangerous  space  using  6-inch  gun    106 
llotchkiss  1-pounder  automatic  machine  gun    112 

Ammunition    112 

Component  parts  of  mechanism    112 
Feed  strip  with  cartridges    112 
Deck  mounting    112 

Field  carriage      112 
Field  limber    112 

Dismounting  construction  for  machine  gun    1 16 
Modification  of  De  Bange  obturator    117 

Krupp  ball  bearings  for  turrets    lis 

Electro-hydraulic  training  gear  for  gun  platforms    120 
-  of  6-inch  and  7.5-inch  guns  against  6-inch  and  12-inch  cemented  (  K  rupp 

plates    1 22 

-  of  Beardmore  6-inch  plates  ( earlier  plates)     125 
of  latest  Beardmore  6-inch  plate     126,  127 

Rlswick  A.  I*.  shol  after  passing  through  Beardmore  6-inch  plate    I*J7 
Trial  of  armor  for  His  Majesty's  Ship  Venerable    128 

\'«-u  Krupp  6-inch  plate    130 
'I  he  Belleisle  prepared  for  the  gunnery  experiments  of  1902    132 
The  Mars  automatic  pistol              ---  I3fi 

Details  of  mechanism   
Hylard  rifle    breech  mechanism   -  140 

The  Terrible' «  latest  practice                       |" 
Tin- 'I'ii  iii»].' -  practice,  continued    m 
Captain  Scott's  aiming  machine  '  |s 

\ -  applied  to  6-inch  gun  ' ,s 



Page. 

Reyniann's  control  spectacles    150 
Movable  platform  for  training  gunners  in  Swedish  navy    154 

Manufacture  of  gun-cotton  charges: 

Built-up  charge  for  Whitehead  torpedo  (18-inch)    166 
Pulp  distributer    166 

Hydraulic  press  and  crane    167 

Pressing  and  molding  gun  cotton  in  solid  blocks  at  high  density    168 

Details  of  presses      170 

Shell-banding  machine    1 72 
Section  and  plan  of  press    172 

Krupp  safety  detonating  fuse    174 

Krupp  safety  device  for  compound  fuses    176 

Krupp  improvement  in  cartridge  cases    178 

Record  of  Schwartzkopff  torpedo  trials    180 

Sinking  device  for  torpedoes  fitted  with  the  Obry  gear    184 

Schwartzkopff  submerged  torped<  >  discharge  tube     185, 186 
Coaling  at  sea    204 

Coal  bags  in  the  act  of  dropping    204 

The  Temperley-Miller  transporter  and  cableway    204 
Collier  Muriel  with  its  railway  up  mast,  and  sending  coal  to  Trafalgar    204 

Apparatus  for  burning  liquid  fuel  on  board  the  steamship  Brouwer    214 

Systems  < >f  liquid-fuel  firing    224 

Types  of  water-tube  boilers    226 
Electric  steering  gear  and  winches    311 

Electric  steering  gear — Russian  cruiser  Diana    312 
Siemens  and  Halske  electric  steering  standard    2>14 

Experiments  in  syntony    340 

Low-tension  circuit  with  receiving  switch  and  resistance'  for  weakening    352 
System  of  transmission  and  reception    352 

Slaby-Arc< >  wireless  system        353 

Slaby-Arco  apparatus    355 
High-tension  circuit    355 

Slaby-Arco  system    356 
Switching  arrangement  for  a  receiving  apparatus    357 
Switch  arrangement  for  a  receiving  apparatus    359 

Slaby-Arco  field  system    360 

Popoff-Ducretet  wireless  telegraphy    364 
Braun  system  wireless  telegraphy   
Naval  maneuvers,  1901 : 

England — The  maneuver  field    372 

Scilly  Isles — showing  limits  of  protected  road 

.ii  _ 

Disposition  of  cruisers  off  Scilly  Isles   
Diagrams  of  the  cruiser  action  off  Scilly  Isles   
Movements  of  X  and  B  fleets  from  July  28  to  July  30  (midnight)   
Raising  the  blockade  of  Alderney          381 
Action  around  Alderney,    Vugust  1    

Action  between  main  fleets,  August  5         ;;s~ 
Movements  leading  to  the  final  battle   
Position  of  each  action  during  maneuvers         390 

France — 
Battle  of  Ajaccio         420 
The  maneuver  field         422 
Tactical  exercises         4 24 

Field  of  British  maneuvers  of  H»00          4  <s 



INTRODUCTION. 

This  number  of  Notes  on  Naval  Progress  includes  features  of  gen- 
eral naval  interest  which  have  been  compiled  since  July  1,  1901.  The 

principal  items  are  as  follows: 

Chapter  I — Record  of  ships  building  abroad;  accounts  of  steam 
trials;  reconstruction  of  old  ships;  and  coaling  records. 

Chapter  II — Tests  of  armor  plates  hardened  by  the  Beardmore 
process,  and  the  tests  of  capped  projectiles  during  which  a  6-inch  shot 
pierced  a  12-inch  Krupp  plate.  Improved  target  practice  in  the  Brit- 

ish navy,  and  description  of  the  Scott  machine.  An  improved  method 

of  manufacturing  gun-cotton  charges.  Accidental  explosions  on  board 
ship  and  ashore. 

Chapter  III — Important  boiler  trials  of  the  British  cruisers  Minerva 
and  Hyacinth,  to  which  a  portion  of  the  Admiralty  report  is  appended. 

Also  notes  on  the  recent  trials  of  coaling  at  sea  with  the  Temperley- 
Miller  transporter  by  the  British  Admiralty.  Full  notes  on  recent 
widespread  extension  of  liquid  fuel  firing  for  steamers. 

Chapter  IV. — General  review  of  electrical  progress,  special  notice 
being  given  to  electrical  steering  gear. 

Chapter  V. — Descriptions  are  given  of  some  of  the  principal  s}^stems 
of  wireless  telegraphy,  as  well  as  the  progress  made  therein  by  for- 

eign navies.     The  question  of  syntony  is  discussed. 

Chapter  VI — The  English  maneuvers  are  of  special  interest  as 
being  the  most  extensive  yet  held,  and  as  allowing  the  greatest  free- 

dom of  action  on  the  part  of  the  commanders-in-chief.  The  points  of 
interest  in  the  French  maneuvers  are,  first,  the  system  denoting  the 

fighting  value  of  ships;  second,  the  authority  invested  in  the  com- 
mander in  chief  to  reassign  fighting  values,  and  restore  to  active  serv- 

-hips  placed  out  of  action,  etc.,  in  order  to  prevent  the  maneuvers 
from   prematurely   coming  to  an   end  without    the  desired    lessons  and 
experience  being  obtained;  and  third,  the  disposition  of  the  enemy, 
which   disposition  suggests  the  idea  that  France  is  at  war  with  an 
alliance  of  1  wo  pow« 
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Chapter  VII.—  The  most  interesting  item  is  that  of  the  development 
of  the  personnel  of  the  German  navy,  as  indicated  by  an  examination 
of  the  budgets. 

Chapter  VIII — The  translation  of  an  interesting  article  on  battle- 
ship design  by  the  designer  of  the  Italian  battleship  Vittorio  Emanuele. 

Charles  D.  Sigsbee, 

Captain,  U.  S.  N.,  Chief  Intelligence  Officer. 

Navy  Department,  July  i,  1902. 

Approved. 
H.  C.  Taylor, 

Chief  of  Bureau  of  Navigation. 



I. 

NOTES  ON  SHIPS  AND  TORPEDO  BOATS. 

By  Lieutenant-Commander  J.  H.  GiB30NS,  United  States  Navy, 

Staff  Intelligence  Officer. 

Section  i. 

BUILDING,  ORDERED,  AND  PROPOSED. 

CONSTRUCTION  ABROAD. 

The  construction  of  ships  for  the  fleets  of  the  leading  naval  powers 

has  gone  on  actively  during  the  past  }rear,  and  the  new  estimates 
show  either  an  adherence  to  a  well-defined  program  for  a  steady 
increase,  or  a  desire  to  make  such  additions  as  the  present  financial 
condition  of  the  various  countries  warrants.  While  there  has  been  no 

marked  change  in  the  design  of  ships,  the  tendency  has  been  toward 

greater  displacement  in  battleships  and  armored  cruisers,  better  pro- 
tection, and  the  massing  of  guns  of  the  second  caliber  in  a  central 

citadel  instead  of  separating  them  in  casemates.  Italy  has  authorized 

three  more  ships  of  the  Vittorio  Emomude  type,  which,  with  a  dis- 

placement of  \-iS)^>  tons,  will  carry  a  main  battery  of  two  12-inch 
guns  in  hooded  barbettes,  and  twelve  8-inch  guns  in  1  ui-rets,  and  have 
;i  -peed  of  2'2  knots. 

Prance  continues  to  lead  in  the  Dumber  of  submarine  and  submersi 

bit-  torpedo  boats  laid  down,  and  experiments  are  going  on  with  those 
already  launched.  England  has  launched  five  submarines  recently 
authorized,  and  experiments  are  now  going  on  to  determine  the 

value  ol*  the  design.  Austria,  Italy.  Russia,  Sweden,  and  some  of 
the  South  American  States  are  experimenting  with  different  types 
ol  submarine 

The  following  tables  of  -hip-  laid  down  and  ships  launched  contain 

tin-  name-  «,f  all  ships  concerning  which  definite  Information  ha 
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received,    but    in    the    case    of    torpedo   boat-    such    information    is 
frequently  incomplete: 

Ships  Laid  Down  Since  Last  Report. 

AUSTRIA. 

Name. Class. Tonnage. Place. 
Date. 

"B"  (Ersatz Drache) . . Battleship,  first-class   10,000 
Trieste   Jan. —  1902. 

ENGLAND. 

Dominion      Battleship,  first-class    16,350  Barrow    May  23,1902. 

King  Edward  VII   do    16. 350  Devonport    Mar.    I 

Devonshire      Armored  cruiser    10.400  Chatham    Mar.  _ 

Cadmus      Sloop    1,070  Sheerness    Mar.  11. 1902. 
Clio .do. 1.070      do 

Do. 

FRANVE. 

Patrie   

Republique.. 
Amiral  Aube 

Victor  Hugo. 

Arc   

Baliste    

Battleship,  first-class. . . 
  do   

Armored  cruiser   

  do   

Torpedo-boat  destroyer 
  do   

Belier   do. 

...do. 

...do. 

...do. 

...do. 

...do. 

...do. 

...do. 

...do. 

10,000 

303 

• 
303 

303 
303 

303 

303 

303 

303 

303 

303 
303 

303 

90 

-via-     .1902. 

Brest    ..1901. 

St.  Nazaire    Aug.  9.1901. 

Toulon    Mar.— .  190L 
.   .M0L Chalon   

Rouen   

Nantes   
Havre   

lo   

Rouen   
Rochefort   

Chalon   

Nantes   

Rochefort   

Havre   Vpr.  — .  1901. 
....do    Do. 

....do   
   Do. 

....do    Do. 

Havre      Mar.— .1901. 

Do. 

Do. 

Bombarde   

Catapulte   

Dard   

Franeisque   

Mousqneton   

Pistolet   

Sabre    

Epieua   

Fronde  «   

Harpon«   do 

Javeline"   do 

Mousquet "   

Sagaieo   do 

266  to  276     First-class  torpedo     Privateyards     - 

277      First-class  torpedo  boat    S    gon   
Alose     Submarine    Toulon   

Anguille   do    TO      do   

Bonite   do    TO     do   

Castor   do    1      Rochefort   

Dorade   -.do    TO     Toulon     .  1901. 

Esturgeon   do    3  lo   

Grondin   do    TO     do   

Loutre   do    Rochefort   

Ludion   do    TO     Cherbourg   

Lynx   do    TO      do    Do. 

Meduse   do    TO     Rochefort   

"These  destroyers  are  not  mentioned  in  the  budget  as  haying  been  laid  down  in  1901,  but 

in  the  "  Liste  de  la  Flotte,"  January,  1902,  a^  being  under  construction. 
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Ships  Laid  Down  Since  Lad  Report — Continued. 

FRANCE— Continued. 

Name. Class. Tonnage. Place. Date. 

\aiad  e   Submarine   70 

70 

70 

70 70 

70 

70 

70 70 

Cherbourg   

Rochefort   
  do   

  1901 

Otarie     do   
Do. 

Oursin     do   Do. 
Perle     do   Toulon   

Rochefort   
Cherbourg   

Toulon   

Do. 

Phoque     do   
Do. 

Protee     do   
Do. 

Soumeur     do   
Do. 

Thon     do     do   
Do. 

Truite     do     do   
Do. 

GERMANY. 

"H"   
"J"   

Ersatz  Konig  Wilhelm 

(Ex-C). 
•J"   

G— 111   

G— 112   

G— 113   

Battleship,  first-class. 
  do   

Armored  cruiser   

Protected  cruiser,  third-class 

Torpedo-boat  destroyer   
  do   

  do   

13, 000 

13,  000 

8,870 

2,800 

Kiel   

Danzig  . . . 
Hamburg. 

Kiel 

.do 

.do 

.do 

1901 

Do. 
Do. 

Do. 

Do. 

Do. Do. 

ITALY 

Regina  Elena   
Vittorio  Emanuele 

Battleship,  first  class. 
  do   

RUSSIA. 

12,  500 12, 500 
Spezia   
Castellamare 

Sept.  — ,  1901 
Sept.  18,1901 

Kniaz  Suvaron' 
Slava   

Kagul   

Oleg   

Otchakofl   

Almas   , 

Izmnrud   

Jemtchug   

Kalgoula   

Kamchatka   

Battleship,  first-class   
  do   

Protected  cruiser,  first-class   
  do   

  do   

Protected  cruiser,  second-class 
  do   

  do   

  do   

Collier   

13, GOO 

13, 500 

6,500 

0,395 
6,500 
3, 285 

3, 285 
3, 285 

3,000 

7,200 

St.  Petersburg 

  do   

Nicolaieff   

St.  Petersburg 

Sevastopol   
st.  Petersburg 

Nicvski   

  do   

Nicolaieff   
st.  Petersburg 

Sept.    8,1901      —1901 

Sept.    5,1901      —,1901 

Aug.  28,  1901      —1901 

June  14,  L902 Do. 

Sept.      ,1901 
.      —,1901 

Ships  Launched  Since  Last  Report. 

AUSTRIA. 

Name. Clan. 

Ton- 
nage. Built  at  — 

Laid  down. 
Launched. 

Arpad    Battleship, Brst  clan  ... 
8,310 

Trii 
Sept,  ii.  L901 
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Ships  Launched  Sina   Lust  Report — Continued. 
ENGLAND. 

Name. 

Cornwallis   

Exmouth   

l'rinee  of  Wales 

Queen   
Bedford    

Essex   

King  Alfred   

Lancaster   

Leviathan   

Monmouth   

Challenger   

Encounter. 

Merlin   

Odin   

Moorhen  .. 

Arab   

Success  — 

No.  107   

No.  108   

No.l   

No.  2   

No.  3   

No.l   

No.  5   

Class 

Ton- 

nage. Built  at- 

Battleship,  first-class  . . 
  do   

  do   

  do   

Armored  cruiser   

  do   
.do 
.do 

.do 

.do 

Protected  cruiser,  sec- 
ond-class. 

  do   

Sloop    
  do   

Shallow-draft  gunboat  . 

Torpedo-boat  destroyer. 
  do   

Torpedo  boat,  first-class. 
....do   

Submarine  boat   

....do   

....do   

....do   

....do   

11,000 

11, 000 

15,000 

15,000 

9,800 

9,800 
14,100 

9,800 14,100 

9,800 
5,880 

5,880 

1,100 
1,100 180 

430 

300 

150 

150 
120 

120 

120 

120 

120 

Blackwall    July 

Birkenhead    Aug. 

Chatham    Mar. 

Devonport    Mar. 

Glasgow    Feb. 
Pembroke    Jan. 

Laid  down.       Launched. 

Barrow . . . 

Newcastle 

Glasgow . . 
  do.... 

Chatham  . 

Devonport . . 
Sheerness  .. 

  do   

Poplar   

Glasgow   
Sunderland 

Chiswick ... 

  do   

Barrow   

  do   

  do   

  do   

  do   

Aug. 

Mar. 

Nov. Aug. 

Dec. 

13, 1899 

10, 1899 

20, 1901 
12, 1901 

19,1900 

1,1900 
11, 1899 

4,1901 
30, 1899 29',  1899 

1,1900 

.Ian.   28,1901 

Feb.   11,1901 

  do   

Oct     17, 1900      —1900 

Mar.  30. 1*99 

Sept. 

5,1900 
-,1901 

.do 

.do 

.do 

.do 

July 

Aug. 

Mar. 

Mar. 

Aug. 

Aug. 

Oct. Mar. 

July 

Nov. 

May 

June  18 
Nov.  30 

Do. 

Aug.  13 *Feb.  9 

"Mar.  21 

July  2 

Aug.  30 

Oct.  2 
Feb.  21 

May  9 

May  23 
June  10 

1901 

1901 

1902 

1902 
1901 

1901 

1901 1902 

1901 
1901 

1902 

1902 

1901 

1901 

1901 
1901 

1901 
1901 

1901 

1902 
1902 

1902 

1902 

FRANCE. 

AmiralAube   

Condo   

Dupetit  Thouars. 

Leon  Gambetta. . 

Rapiere    

Flamberge   

Bourrasque   

Rafale   

143   

223. 

221. 

225. 

226. 

253. 

254. 

255. 

256. 

257. 

258. 

259. 

260. 

264. 

265. 

Armored  cruiser   

  do   

  do   

  do   

Torpedo-boat  destroyer. 
  do   

Seagoing  torpedo  boat . . 
  do   

Torpedo  boat,  second- 
class. 

Torpedo  boat,  first-c  I  a -s. 
  do   

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

.do 

10,000 

10,000 
9,  500 

12,558 
303 

303 

150 

150 

52 

M 

ST 

86 

87 

90 

90 

91 

91 

91 

91 91 91 

91 

90 

"Omitted  from 

st.  Nazaire      Aug.    9 

Lorient      Mar.  20 

Toulon      Apr.   17 
Brest      Jan.    15 

Rochefort      Jan.     2 

  do   do 

Havre      Jur 

  do       July    15 

Toulon   Ian.      2 

Cherbourg. 

....do   

Toulon   

....do   

Bavre 

....do   

....do   

....do   

....do   

Bordeaux  . 
....do   

....do   

....do   

....do   

las!  report 

Sept.    3 

Apr.   28 

Jan. 

Mar.  - 

Aug.  — Nov.  — 

Dee.  — 

Nov.  1~> 

  do  . 

  do. 

1901 

1901 

1899 

1901 

1901 

1900 

1900 

1901 

1900 

1897 
1896 

1900 
1900 

1900 
1900 

1900 

1900 

Mav Mar. 

July 

Oct. 

July 

I  Oct. 
Aug. 

Nov. 

Mar. 

Mar. 
Aug. 

Sept 

Oct. 

Nov. 

Feb. 
Oct. 

Oet. 

Feb. 

9,1902 12,1902 

5,1901 26, 1901 
16, 1901 

28,1901 
31,1901 
27. 1901 
—,1902 

11. 1902 

—  1901 

20, 1902 

—  1901 

27.  PAH 

31.1901 

29. 1901 

11. 1902 

— . 1901 

3. 1901 
31,1901 
12,1901 22. 1908 
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Ships  Launched  Since  Last  Report — Continued. 

FRANCE— Continued 

Name. 

Espadon. 
Gnome  . . 

Korrigan 
Silure  ... 

Triton  . . . 

Class. 

Submarine 

  do   
  do   
  do   

  do   

Ton- 

nage. 

106 

185 

185 

100 
100 

Built  at — 

Cherbourg. 

Rochefort  . 

  do   
Cherbourg. 
  do   

Laid  down.       Launched. 

  Vuk.  31,1901 

        —1901 

Apr.  23,1900  j  Jan.  25,1902 
  I  Oct.  25,1901 

Aug.  28,1900  |  July  13,1901 

GERMANY. 

Mecklenburg  (Ex- 
F). 

Schwaben  (Ex-G). 
Prince    Frederick 

Karl. 

Frauenlob(Ex-G). 

Arcona  (Ex-H). 
S-105    

S-106    

8-107   
G-108   

G-109   

G-110   

G-lll   

Battleship,  first-class 

  do   

Armored  cruiser. 

Protectedcruiser,  third- 
class. 

  do   

Torpedo-boat  destroyer. 
  do   

  do   

  do   

  do   

  do   

  do   

11,800 

11, 800 

8,868 

2,700 

2,700 
120 

320 
420 

320 

320 

320 

320 

Stettin. 

Wilhelmshaveri 
Hamburg   

Bremen 

  do. 
Elbing. 

  do. 

  do. 

Kiel . . . 

  do. 

  do. 

  do. 

May  15,1900 

Oct.  18,1900    —1901 

   —,1901 

  do   

Dec.  ̂ -,1900 
  do   

Jan.   —,1901 

Dec.   —1900 

  do   

  do   
     —,1901 

Nov.     9, 1901 

Aug.  19,1901 
June  21,1902 

Mar.  22,1902 

Apr.  22,1902 
Aug.  7, 1901 

Sept.  7,1901 
Oct.  17,1901 

Sept.    7,1901 Do. 

Apr.     2, 1902 
June  19,1902 

HOLLAND. 

Rindjani      Torpedo  boat,  first-class. 115 Poplar      July     2,1901 

ITALY. 

Benedetto  Brin   

Francesco  Ferruc- 
cio. 

Turbine   

Battleship,  first-class  ... 
Armored  cruiser   

Torpedo-boat  destroyer. 

13,  r.oo 

7,400 

330 

Castellamare 
Venice   

Naples. 

Feb.  —.1899 Nov.     7.  1901 

Apr.    23,  L902 

Nov.  21.  1901 

JAPAN. 

Akatsuki  .. 

Aimhto. . .. 

ECasumJ   
Bhirakumo 

Torpedo-boat  destroyer. 
  do   

  do   

  do   

360 

■M\0 

300 860 

Poplar... 
Chiswick 

Poplar. . . Chiswick 

Feb.  28,  i '.'in 

Nov.  18,  P.KH 
Jan.  Hi.  L902 

Jan.  28,  1902 

Oct.       1.1901 

porthjai. 

Tejo       Gunboat 5:50     Lisbon. Oct,    2 
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ships  Launched  since  Last  Report. 

RUSSIA. 

Name. 

Borodino   

[mperator  A  lex 

ander  III. 

Orel   

Okean    

Baklan   

Kefal   

Losos   

Akula   

Buichok   

Makrel   

Nalim   

Class. 

Battleship,  first-class  ... 
....do   

  do..   

Training  transport   

Torpedo-boat  destroyer. 
  do   

  do   

Torpedo  boat   
  do   

  do   

  do   

Ton- 

nage. Built  at- 
Laid  down. 

13, 600     St.  Petersburg      May   25, 1900 

13,600  I   do   do   

Launched. 

13,600 

12,000 
240 

312 
312 
150 

150 
150 

150 

Sept. Aug. 

8,1901 
2,1901 

  do   Tune  11, 1900 

Kiel     June    1, 1901 

St.  Petersburg   

Toulon      Mar.  — .  1899     Nov 

  do      July  — .  1899     Mar 

St.  Petersburg      Aug 
  do   

  do.l   

  do   

June  — ,  1902 
Feb.     8, 1902 

Aug.  12,1901 1901 

12, 1902 

24, 1901 Do. 

Oct.    12,1901 Do. 

SWEDEN. 

Aeren  (Ex-C)      Battleship,  third-class. 

Tapperheten   (Ex-      do   
A). 

Wasa  (Ex-B)   do   

3, 650 

3, 650 

3, 650 

Gotaborg   \pr.  —,1900 
Malmo   do   

Stockholm    do 

Aug.  —,1901 
Oct.    —1901 

Sept  26,1901 

ARGENTINA. 

Two  armored  cruisers,  to  be  known  as  the  General  Mtira  and  the 

General  Boca,  have  been  ordered  in  Ttalv  by  the  Argentine  Govern- 
ment.  They  are  to  he  built  at  the  Ansaldo  Works,  at  Genoa,  and  a 

large  premium  has  been  promised  for  their  delivery  within  contract 

time.  These  ships  are  to  be  of  tin1  Garibaldi  type,  8,500  tons  dis- 
placement. 17.000  I.  H.  P..  and  21  knots  speed.  The  estimated  cost 

of  each  ship  is  $3,400,000.  The  first  of  these  ships  was  laid  down 

March  14, 1902,  and  the  second  March  i><>.  L902.  Their  armament  will 
be  the  same  as  that  of  the  Italian  armored  cruiser  Francesco  Ferruccio, 

the  guns  that  were  made  for  the  latter  ship  having  been  sold  to 

Ansaldo.  A  duplicate  battery  is  now  being  made  at  Pozzuoli  for  the 

General  Boca,  and  another  duplicate  to  replace  those  originally  for 

the  Francesco  Ferruccio.  One  novel  feature  ia  (hat  these  -hips  are  to 
have  the  old  cylindrical  boilers.  The  firm  of  Ansaldo  ,<:  Co.  wanted 

to  have  the  Niclausse  boilers,  which  have  proven  so  successful  in  the 
Italian  cruiser  Garibaldi,  hut  the  Argentine  Government  insisted 

upon  having  the  cylindrical  boilers,  which  they  state  are  known  to 
be  good. 

Two  dispatch  boats  have  been  laid  down  at  the  Government  yard  in 
Buenos  Ayres.  They  are  to  be  of  70i)  tons  displacement  and  14  knot- 
speed,  and  are  to  be  used  as  practice  ships. 

A  submarine  boat,  the  Ricaldoni,  is  reported  to  have  made  trial 
trips  at  Buenos  Ayres  with  good  results.     It  is  intended  to  build  a 
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larger  boat  of  the  following  dimensions:     Length  131  feet;  beam,  16.1 
feet.     The  speed  is  to  be  11  knots,  and  the  steaming  radius  135  miles. 

AUSTRIA. 

Battleships  "  A"  (Ersatz  Loudon)  and  "B"  (Ersatz  Drache),  each  of 
10,600  tons  displacement,  will  be  built  by  the  Stabilimento  Technico, 

at  Trieste,  to  which  firm  the  contract  was  given  last  }^ear.  The  first 
of  these  has  been  laid  down,  but  the  second  will  not  be  laid  down 

probably  until  the  fall  of  1902.  A  third  battleship,  "  0,"  of  the  same 
class,  is  proposed.  These  ships  will  be  of  the  following  dimensions: 
Length,  390.1  feet;  beam,  72.18  feet;  draft,  21.6  feet;  displacement, 
10,600  tons;  I.  H.  P.,  14,000;  speed,  19  knots. 

The  armament,  built  on  the  Skoda  system,  will  consist  of  four  9.45- 
inch  R.  F.  guns  mounted  in  turrets,  with  8.27  inches  of  armor;  eight 

7.5-inch  R.  F.  guns  in  citadel;  six  5.9-inch  R.  F.  guns  in  single  case- 
mates with  5.5  inches  of  armor;  fourteen  2.75-inch  R.  F.  guns;  twelve 

37-millimeter  R.  F.  guns;  and  four  automatic  rifles. 
The  water-line  and  citadel  armor  is  8.27  inches  thick.  There  is  an 

armor  deck  1.97  inches  thick  within  the  citadel,  and  2.75  inches  thick 

outside  of  the  citadel.  The  armor  belt,  which  is  of  nickel-steel, 
extends  from  the  forward  turret  to  the  after  turret.  A  number  of 

torpedo  tubes  are  to  be  carried.  The  boilers  are  to  be  of  the  Yarrow 

type. 

BRAZIL. 

The  Brazilian  congress  has  passed  an  act  authorizing  the  construc- 
tion of  a  submarine  torpedo  boat  which  must  be  of  national  invention 

and  design.  Another  act  authorizes  the  construction  of  two  monitors 

out  of  an}T  unexpended  funds  appropriated  for  the  navy.  No  other 
additions  to  the  navy  are  contemplated. 

CHILE. 

It  is  reported  that  the  Chilean  Government  has  ordered  two  battle- 
ships of  12,000  tons  each,  to  be  built  in  England.  These  vessels  are 

to  cost  about  $4,800,000,  and  are  to  be  delivered  within  eighteen 

months.  The  following  are  the  dimensions:  Length,  435  feet;  beam. 

To  feet;  I.  H.  P.,  25,000;  speed,  L2\  knots.  Each  ship  will  carry  four 
1 0-inch  guns,  fourteen  7. 5-inch  guns,  and  many  smaller  rapid-fire  guns. 

'I  he  hour! J,  of  July ,  a  sister  ship  of  the  Japanese  protected  cruiser 
Takasago,  built  at  Elswick,  England,  as  a  speculation,  has  been 
purchased  by  Chile  and  named  Chacabuco. 

Three  destroyers  have  been  purchased  in  England  by  Chile,  viz, 

Cwpitwn  Thomson^  Ca/pitan  Merino  '/'<tf/"t*  and  Capitan  O'Brien, 
These  are  said  to  be  Yarrow  boats  of  L30  ions  displacement. 
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ENGLAND. 

The  mi\v  vessels  authorized  by  the  budget  of  1902-3  are  2  battle- 

ships, 2  armored  cruisers,  2  third-class  cruisers,  4  scouts,  9  torpedo- 
boat  destroyers,  4  torpedo  boats,  and  4  submarines. 

The  following  is  a  list  of  the  new  vessels  authorized  to  be  laid  down 

in  1901-2,  which  have  been  ordered: 

Name Class. 

King  Edward  VII   '..    Battleship. 
Dominion   do   

Commonwealth   do 

Devonshire   

Argyll   
Antrim   

<  'arnarvon    

Hampshire   

Roxburgh   

Amethyst    

Topaz   : 

Cadmus   

Clio   

10  vessels   

5  vessels    

Aquarius   

Armored  cruiser   

  do   

  do   

  do   

  do   

  do   

Protected  cruiser   

  do   

Sloop   
  do   

Torpedo-boat  destroyers. 
Torpedo  boats   
Distilling  ship   

Tons. 

16,350 

16, 350 

16,  360 
10, 200 

10,200 
10.200 
10. 200 

10,200 
10. 200 

3,000 

3,000 1.070 

1,070 

To  be  built  at- 

Devonport. 

Barrow. 
Glasgow. 
Chatham. 

Greenock. 

Glasgow. 
Do. 

Xe\vcastle-on-Tyne. :*  )\v. 

Do. 

Do. 

Sheen 
Do. 

Various. 

Chiswiek. 

Sunderland. 

The  main  features  of  the  King  Ed/ward  VII class  of  battleships  are 
as  follows: 

Length,  425  feet;  beam,  78  feet;  mean  draft.  26  feet  9  inches;  dis- 
placement, 16,350  tons;  I.  H.  P.,  L8,000;  expected  speed.  18i  knots: 

coal  carried  at  designed  L.  W.  L.5  950  tons;  bunker  capacity  2,000 
tons. 

Armament — Four  12-inch  guns,  four  9.2-inch  guns,  ten  6-inch  guns, 

fourteen  12-pounders,  eight  machine  guns,  four  submerged  torpedo 
tubes  and  one  stern  tube. 

Armor — Water-line  belt.  9  inches  to  4  inches  in  thickness.  Between 
middle  and  main  decks  8  inches  in  thickness.  Between  main  and 

upper  decks,  for  length  of  6-inch  batteiy,  7  inches  in  thickness.  Bar- 
bettes, 12  inches.     Conning  tower,  12  inches. 

The  armored  cruisers  of  the  Dt  vonshirt  class  are  to  be  about  400  tons 

larger  than  those  of  the  Mbnmoutfi  class.  Their  principal  armament 
will  consist  of  two  7.5-inch  R.  F.  guns  in  two  shallow  barbettes,  instead 

of  four  6-inch  R.  F.  guns;  the  ten  6-inch  R.  F.  guns  in  casemates  will 
be  repeated.  The  vessels  will  be  10  feet  longer  and  1  foot  wider 
than  the  Monmouth,  class.  The  mean  load  draft  is  to  be  24  feet  6 

inches,  and  the  estimated  speed  28  knots,  with  22,000  I.  H.  P. 

Four-fifths  of  the  boilers  in  each  ship  are  to  be  water-tubular  and 
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one-fifth  cylindrical,  the  former  including  the  Babcock  and  Wilcox, 
Niclausse,  Yarrow,  and  Diirr  types. 

The  two  third-class  protected  cruisers  are  an  improvement  on  the 
Pelorus  class,  being  larger,  faster,  and  more  powerfully  armed.  Their 
length  is  360  feet;  beam,  40  feet;  molded  depth,  21  feet  9  inches; 
draft,  U  feet  6  inches;  speed,  211  knots,  with  9,800  I.  H.  P.  The 

armament  will  consist  of  twelve  4-inch  R.  F.  guns,  and  eight  3-pounder 
R.  F.  guns. 

The  two  sloops  are  similar  in  dimensions,  armament,  etc.,  to  the 

Espiegle,  recently  completed  at  Sheerness. 

The  ten  new  torpedo-boat  destroyers  will  be  of  a  modified  type,  of 
larger  displacement,  stronger  construction,  and  with  improved  accom- 

modations for  officers  and  crew  as  compared  with  existing  vessels  of 
this  class.  These  modifications  will  tend  to  improve  the  seagoing 
qualities  of  the  vessels.  The  official  trials  will  be  made,  however,  at 

deep-load  draft,  a  speed  of  25i  knots  under  these  conditions  being 
specified. 

FRANCE. 

The  French  budget  of  1902  provides  for  the  laying  down  of  1  bat- 
tleship, 2  armored  cruisers  of  the  Leon  Gambetta  type,  2  destroyers, 

and  16  torpedo  boats.  In  addition,  material  is  to  be  ordered  for  3 
battleships  to  be  laid  down  in  1903;  and  orders  are  to  be  placed  for  13 
submarines,  with  the  understanding  that  they  shall  not  be  begun  until 

1903.  After  the  la}Ting  down  of  these  vessels,  the  status  of  the  naval 
programme  for  the  increase  of  the  French  fleet  will  be  as  follows:  6 
battleships  and  5  armored  cruisers,  the  total  number  contemplated, 
will  have  been  commenced;  of  the  28  destro}ers,  22  will  have  been 
commenced;  of  the  112  torpedo  boats,  11  will  have  been  commenced, 
and,  although  the  programme  only  stipulated  for  the  building  of  26 
submarines,  11  will  have  been  built  or  be  in  course  of  construction, 
and  it  is  proposed  to  go  on  adding  to  their  number. 

The  four  new  battleships  are  to  be  named  Democratize,  Liberte,  Jus- 
tice, and  Verite.  One  of  these  is  to  be  built  at  Brest,  and  three  in 

private  yards.  One  armored  cruiser,  to  be  named  Jules  MicJislet,  is 

to  be  begun  at  Lorient,  and  the  other,  to  be  known  as  the  Ernest  He- 

nan,  is  to  be  built  at  a  private  yard.  The  'l  destroyers  are  to  he  built 
at  Rochefort,  the  L3  submarines  at  Cherbourg  and  Toulon,  1  torpedo 
boat  at  the  Government  arsenal  in  Saigon,  and  L2  torpedo  boats  at 
private  yards.  The  new  submarines  are  to  be  of  the  Improved  Sireru 
type.,  The  two  destroyers  have  been  named  Stylet  o.nd  Tramblon,  and 
will  be  of  the  Carabine  t  jrpe. 

The  armored  cruiser  Jules  Michelet,  according  to  the  latest  report 
is  to  be  iso  feet  long  and  of  L2,550  tons  displacement,  with  a  speed  of 

22  knots.     Her  armament  will  con  i  I  of  four  T . » '.  inch  \{.  V.  guns  in 
L800    "2   2 
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two  turrets;  twelve  6.5  R.  F.  guns,  mounted  in  pairs  in  turrets,  and 

four  in  armored  casemates,  and  twenty-two  1.85-inch  R.  F.  guns.  The 
estimated  cost  of  this  ship  is  $5,991,860. 

GERMANY. 

The  rapid  progress  made  in  carrying  out  the  German  building  pro- 
gram strengthens  the  impression  that  the  battle  fleet  will  be  com- 
pleted in  1908,  when  it  will  consist  of  38  battleships.  Although  some 

of  these  will  have  passed,  by  that  time,  the  age  limit  of  twenty-five 
years,  the  SachsensLud  Siegfried  classes  will  have  been  entirely  rebuilt. 

In  1902  there  are  to  be  laid  down  2  battleships.  K  and  L:  1  armored 

cruiser,  Ersatz  Kaiser  \  3  small  cruisers,  K,  L,  and  Ersatz  Zieteri\  1 

gunboat,  B  (extra  to  program);  one  division  (6)  of  torpedo-boat 
destroyers,  and  1  gunboat  for  service  in  Chinese  rivers.  The  budget 
also  includes  the  first  installment  of  an  appropriation  for  rebuilding 
the  Brandenburg  class  of  battleships. 

The  new  battleships  are  to  be  of  13,000  tons  displacement,  of  the 
same  type  as  H  and  J  laid  down  in  1901.  The  armament  will  consist 

of  11-inch  and  7-inch  guns. 

It  is  stated  that  the  Ersatz  Kaisei*  is  to  represent  a  new  type  of 
armored  cruiser,  her  displacement  being  500  tons  more  than  that  of 
the  last  built  ship  of  this  class.  The  principal  dimensions  are  to  be: 
Length  between  perpendiculars,  403.5  feet;  length  over  all.  419  feet: 

beam  66.3  feet.  The  horse-power,  which  in  the  case  of  the  Prim  1I>  in- 
rich  is  15,000,  Prinz  Adalbert  16,500,  and  Ersatz  Ron  ig  Wilhdm  17,00* >. 
is  to  be  further  increased  in  the  case  of  the  Ersatz  Ens,  ,•.  She  will 
carry  a  crew  of  550  officers  and  men. 

The  small  cruisers  are  to  have  the  following  dimensions:  Length. 

361  feet;  beam,  40.3  feet;  displacement,  2,715  tons.  Their  coal  capac- 
ity is  to  be  700  tons,  and  they  will  have  a  maximum  speed  of  24  knots, 

an  increase  of  2  knots  over  that  of  the  Fraui  nlob  and  Arcona. 

The  gunboat  for  service  in  China  is  the  first  one  of  that  class  to  be 
built  in  Germany;  the  other  two,  the  Vbrwarts  and  Schamien,  having 
been  purchased  and  refitted  at  Shanghai  and  Hongkong,  respectively. 
The  new  gunboat  B  is  not  to  be  built  after  the  plans  of  the  Pa  nth  t  r, 
but  is  to  have  somewhat  larger  dimension-. 

ITALY. 

The  Italian  budget  for  1902  provides  for  the  laving  down  during 

the  year  of  3  battleships  of  the  Vittorio  EmanudU  type. -J  collier.-.  2 
torpedo-boat  destroyers,  1  submarine,  4  seagoing  torpedo  boats,  and 
1  repair  ship. 

Of  the  three  new  battleships  to  be  laid  down,  the  first,  A.  will  take 
the  place  of  the  Benedetto  Brin  on  the  stocks  at  Castellaniare:  the 

second,  B,  that  of  the  Eegina  MargherUa  at  Spezia;  and  the  think  (  . 
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which  is  to  be  called  the  Roma,  that  of  the  Francesco  Ft  rruccio  at 

Venice.  The  first  installment  of  the  appropriation  for  these  ships  is 
only  $330,480. 

JAPAN. 

The  program  for  new  construction  in  Japan  is  at  present  confined 
to  cruisers  and  torpedo  boats  to  be  built  at  home  yards.  Although  the 
conditions  at  the  Government  steel  works  at  Wakamatsu  have  not  as 

yet  been  satisfactory,  better  results  are  expected,  and  some  of  the 
latest  contracts  for  torpedo  boats  stipulate  that  they  shall  be  built 
entirely  of  domestic  material. 

Five  new  torpedo  boats  of  150  tons  each  are  to  be  built,  their  names 
and  places  of  construction  being  as  follows:  Sagi,  Uzura,  and  Kamone 

to  be  built  at  Kure:  Hash  Italia  and  Otori  at  Kawasaki  Shipbuilding- 
Yard. 

There  have  also  been  ordered  2  first-class  torpedo  boats  of  120  tons 
displacement  and  28  knots,  of  the  Kawasaki  Works  at  Kobe,  to  be 
delivered  within  two  years.  Exclusive  of  the  armament,  which  is  to 
be  furnished  by  the  arsenal  at  Kure,  each  of  the  boats  is  to  cost 

1144,942. 
MEXICO. 

An  order  for  two  gunboats  for  the  Mexican  navy  has  been  given  to 

the  Crescent  Shipbuilding  Company,  Elizabethport,  N.  J.  These  ves- 
sels are  to  be  200  feet  long,  33  feet  beam,  and  to  have  a  draft  of  10 

feet;  displacement,  1,000  tons.  They  will  also  be  used  as  transports, 
accommodations  being  provided  for  200  soldiers. 

NICARAGUA. 

It  is  reported  that  the  Government  of  Nicaragua  has  purchased  in 
Germany  the  armored  gunboat  Skorpion,  of  1,109  tons,  which  was 
built  at  Bremen  in  187T. 

NORWAY. 

The  budget  for  L902  provides  for  a  dispatch  vessel  of  850  tons  and 
two  second-class  torpedo  boats.  The  Norwegian  Government  is  con- 

templating the  construction  of  a  submarine  boat,  and  a  naval  officer 
has  been  visiting  several  countries  in  order  to  study  the  different 
t  \  p<  s.     The  boat  will  probably  be  built  at  Horten. 

RUSSIA. 

No  plan  has  Ix'cn  formed  !'<>r  the  building  <>f  new  Bhips  beyond  the 
carrying  out  <>f  the  program  of  L899.  There  bave  been  laid  down 
under  this  program  1  battleships,  of    which   I   have  been  launched. 
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There  are  now  building  in  Russian  shipyards  5  protected  cruisers  of 

about  6,500  tons,  of  which  3  have  been  launched.  The  Russian  Gov- 
ernment has  not  yet  decided  whether  the  cruiser  Vityas,  which  was 

burned  while  buildingat  Galernii Island,  St.  Petersburg,  will  be  recom- 
menced. It  is  reported  that  no  new  program  will  be  adopted  before 

L905. 

A  new  cruiser  of  the  JVbvik  type  has  been  ordered  of  Schichau,  at 

Elbing.  She  is  intended  to  be  a  destroyer  of  torpedo-boat  destroyers 
and  will  have  a  speed  of  25  knots.  Her  length  will  be  357.5  feet;  dis- 

placement. 3,000  tons,  and  her  engines  17,000  I.  H.  P.  She  will  have 

a  turret  forward  protected  by  2- inch  Krupp  plates,  in  which  will  be 

placed  6  guns  of  large  caliber,  about  45-pounders.  She  will  also  carry 
8  smaller  guns.  2  Maxims,  and  6  torpedo  tubes. 

Four  torpedo-boat  destroyers,  the  Givoi,  Givua/.  Criutky,  and 
Gia/rhy^  are  to  be  constructed  at  the  Nicolaieff  Arsenal,  and  two.  the 

Zawcbui  and  Zarrtiil,  at  the  Nicolaieff  Steel  Works. 

The  Newski  engineering  works  at  St.  Petersburg  have  received  a 

contract  to  build  5  torpedo  boats  of  the  Cyclone  type.  The  first  two 

are  to  be  completed  in  May,  1902,  and  will  cost  about  $15<  >.o<  m  >.  Their 
dimensions  are:  Displacement,  150  tons;  length,  147.6  feet;  beam,  10.5 

feet;  draft,  1.6  feet;  and  l.H.  P.,  4,200.  The}T  will  have  two  Normand 
boilers,  each  with  2,476  square  feet  of  heating  surface  and  48.4  square 

feet  of  grate  surface.  The}T  will  use  coal  as  fuel,  and  are  expected  to 
attain  a  speed  of  25  knots.  Each  will  have  one  torpedo  tube  above 
deck  and  two  47  millimeter  guns. 

Five  torpedo  boats  of  230  tons  displacement.  4,500  I.  H.  P..  and  30 

knots  speed,  are  to  be  built  at  Ijora. 

The  various  portions  of  the  submarine  boat  Pete?'  KocKka,  invented 
by  Lieutenant  Kolbaseff,  of  the  Russian  navy,  have  been  shipped  to 

the  Black  Sea,  where  they  will  be  assembled,  and  a  series  of  experi- 
ments conducted  with  the  boat  at  Sevastopol. 

It  is  said  that  another  submarine  of  an  entirely  different  type  is  now 
building. 

It  is  reported  that  Russia  has  offered  to  buy  the  vessels  composing 

the  Peyang  squadron  of  the  Chinese  navy,  viz.  4  small  protected, 

cruisers,  2  torpedo-boat  destroyers,  2  training  ships,  and  1  special 
service  vessel.  The  price  set  was  $2,575,000,  to  be  deducted  from  the 

war  indemnity  due  Russia.  Since  the  promulgation  of  the  Anglo- 
Japanese  treaty,  rumors  have  been  current  that  Russia  intends  to 

build  4  new  battleships  of  about  16,000  tons  displacement  and  2  cruis- 
ers, and  that  these  will  be  ordered  abroad  if  vacant  slips  can  not  be 

found  at  home. 

The  construction  of  a  third  mine  transport  of  the  same  type  as  the 
Bug  and  Dunai  of  the  Black  Sea  fleet  is  about  to  be  commenced  at  the 

works  of  the  New  Admiralty.     The  vessel  is  to  have  a  displacement 
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of  1.300  tons  and  a  speed  of  16  knots.  Her  length  is  to  be  204  feet, 
beam  34  feet,  and  draft  15  feet.  She  is  intended  for  the  transporta- 

tion of  425  mines,  and  will  have  an  armament  of  four  47  millimeter 

guns  on  the  upper  deck. 

SWEDEN. 

In  the  naval  estimates  for  1902,  iirst  credits  are  voted  for  the  con- 

struction of  a  new  armored  coast-defense  vessel,  3  first-class  and  2 

second-class  torpedo  boats,  and  1  torpedo-boat  destroyer.  The 
Admiralty  has  also  contracted  with  Yarrow  &  Co.,  of  Poplar,  for  a 

31 -knot  destroyer,  which  is  to  be  of  the  most  modern  t}^pe  and  fitted 
to  burn  liquid  fuel. 

The  plans  for  the  new  coast-defense  vessel  are  somewhat  different 
from  those  of  the  ships  of  that  class  now  building,  the  changes  being 
confined  to  a  slight  reenforcement  of  the  protective  deck  above  the 
boilers  and  of  the  foundations  for  the  0-inch  turrets  and  ammunition 

hoists,  while  the  armor  of  the  barbette  of  the  8.3-inch  R.  F.  guns  is  to 
be  slightly  thinner. 

As  there  has  heretofore  been  considerable  delay  in  furnishing  the 
armor,  it  was  decided  to  give  the  order  for  the  whole  armor,  with  the 
exception  of  that  for  the  protective  deck  and  ammunition  hoists,  to 
the  firm  of  Krupp  without  calling  for  competitive  bids. 

TURKEY. 

By  imperial  decree,  the  protected  cruisers  that  Turkey  is  to  have 
built  by  Armstrong  in  England  and  Cramp  in  the  United  States  are 
to  be  named  the  Abdul  Ilamid  and  the  Abdul  Medjid. 

These  cruisers  are  to  be  of  the  following  dimensions:  Length,  328 
feet;  beam,  42.0  feet;  draft,  16  feet;  displacement,  3,250  tons;  speed, 
24  knots.  The  engines  are  to  be  triple  expansion,  designed  to  develop 
12,000  I.  H.  1\  The  armament  will  consist  of  the  following  R.  \\ 

guns:  Two  0-inch,  seven  4.7-inch,  six  1.85-inch,  and  six  1.4-inch. 
There  will  be  two  torpedo  tubes. 



Section  II, 

NEW  SHIPS  AND  TORPEDO  BOATS. 

AUSTRIA. 

ABPAD. 

The  new  second-class  battleship  Arpad was  launched  on  September  11, 
1901,  from  the  San  Marco  yard  of  the  Stabilimento  Tecnico  Triestino,  at 
Trieste.  She  is  the  second  of  the  new  division  of  battleships,  of  which 
the  Habsburg  is  the  type.  They  form  an  addition  to  the  effective 
strength  of  the  fleet,  in  contradistinction  to  the  other  vessels  now 
under  construction,  such  as  the  cruiser  K.  which  arc  being  built  to 

replace  ships  still  on  the  list.  These  ships  have  a  displacement  of 

8,340  tons,  or  nearly  1,500  tons  more  than  the  Kronprinz  Ly>i<I<>/f. 
which  was  previously  the  largest  vessel  of  the  fleet.  They  exceed  the 

Monarch  class,  intended  for  coast  defense,  by  2,740  tons.  Her  dimen- 
sions are  as  follows: 

Length,  354  feet;  beam,  65  feet  i>  inches;  displacement.  8,340  tons. 
with  an  extreme  draft  of  23  feet.  Protection  is  afforded  by  an  armor 

belt  of  chrome-nickel  steel  8.8  inches  thick,  reaching  from  4  feet  4 
inches  below  to  3  feet  6  inches  above  the  water  line,  and  extending 
63  per  cent  of  her  length.  Above  the  belt,  and  reaching  to  the  main 

or  battery  deck,  is  a  citadel  protected  by  4- inch  armor,  shut  in  by 
8-inch  athwartship  bulkheads,  rising  from  the  lower  armor  deck. 
which  is  2.3  inches  thick  forward  of  the  casemates  and  2.6  inches 
abaft.  From  the  forward  end  of  the  armor  belt  to  the  ram  the  side 

is  protected  b}^  2-inch  plating.  A  second  armor  deck,  L.8  inches 
thick,  extends  from  the  top  of  the  belt,  while  the  main  deck,  between 
the  forward  and  after  bulkheads,  is  similarly  protected,  the  combing 
of  all  the  hatches  being  also  armored.  There  are  two  barbettes  for 

the  heavy  guns,  one  forward  and  one  aft,  protected  by  S. 4-inch  armor, 
with  ammunition  tubes  7.2  inches  thick.  The  secondary  battery  oi 
6-inch  R.  F.  guns  will  be  mounted  in  double  casemates,  protected  by 
5. 4-inch  armor  on  the  outer  side  and  3.3-inch  on  the  inner  side.  The 
forward  conning  tower  will  be  protected  by  8-inch  armor,  decreasing 
to  6  inches  on  the  communication  tube.  The  after  tower  will  have 

4-inch  armor,  decreasing  to  2-inch  on  the  communication  tube.  All 
22 
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the  armor  will  be  of  chrome-nickel  steel,  hardened  b}7  a  special  process, 
and  is  to  be  furnished  by  the  firm  of  Witkowitzk  &  Co. 

The  armament  will  consist  of  three  9.4-inch  40-caliber  guns,  two 

being-  carried  in  the  forward  barbette  and  one  in  the  after;  twelve 
5.9-inch  40-caliber  R.  F.  guns,  six  each  side  mounted  in  double  case- 

mates, one  over  the  other;  ten  6-po under  and  twelve  1 -pounder  R.  F. 
guns,  with  eight  machine  guns.  The  guns  and  ammunition  hoists  will 
be  worked  by  either  electricity  or  hand,  while  the  ammunition  tubes 
lead  direct  from  the  guns  to  the  magazines,  and  it  is  calculated  that  by 
means  of  the  electric  hoists  eight  rounds  a  minute  can  be  supplied.  The 
axial  height  of  the  guns  in  the  lower  battery  is  14  feet  8  inches  above 
the  water,  in  the  upper  battery  21  feet  4  inches,  and  that  of  the  barbette 
guns  25  feet  and  24  feet  4  inches  forward  and  aft,  respectively.  There 

will  be  two  submerged  torpedo  tubes  for  18-inch  Whitehead  torpedoes. 
The  heavy  9.4-inch  guns  are  supplied  by  Krupp,  but  all  the  others  are 
manufactured  by  the  Skoda  firm  at  Pilsen. 

The  ship  will  have  twin  screws,  and  the  engines  are  to  develop  11,900 
I.  H.  P.,  which,  with  136  revolutions,  is  to  give  a  speed  of  18.5  knots, 

steam  being  supplied  by  16  water-tube  boilers  on  the  Belleville  system. 
The  coal  stowage  will  be  for  840  tons.  Electricity  will  be  used  for 
lighting  the  ship,  working  the  guns,  barbettes,  ammunition  hoists, 
ventilators,  etc.,  the  current  being  supplied  by  six  dynamos,  producing 

three-phase  currents  and  under  armor  protection. 

ENGLAND. 

DUNCAN  CLASS. 

The  Cornwallis,  launched  July  17, 1901,  and  the  Exmouth,  launched 

August  31,  1901,  complete  the  six  vessels  of  this  class,  a  full  descrip- 
tion of  which  is  given  on  page  34,  General  Information  Series  No.  XX. 

PRINCE  OP  WALES— QUEEN. 

These  new  battleships  have  been  launched,  the  former  at  Chatham, 
March  25,  1902,  and  the  latter  at  Devonport,  March  8,  1902.  They 
are  practically  of  the  London  class,  but  embody  certain  improvements, 
such  as  the  limitation  of  ventilating  cowls,  and  the  substitution  of  an 

open  for  a  closed  12 -pounder  battery  amidships.  Particulars  of  these 
vessels  arc  as  follows: 

Displacement,  1.5,000  tons;  length,  between  perpendiculars,  400  feet; 
beam,  75  feet;  draft  (extreme),  29  feet. 

Armament:  Four  12-inch,  wire-wound,  50-ton  guns,  twelve  6-inch  45- 
caliber  Vickers,  sixteen  Impounder  12  cwt.,  two  L2-pounder  8  cwt. 
(boat  guns),  six  3-pounders,  and  eight  Maxims.  Four  18 -inch  sub- 

merged torpedo  tubes. 
The  armor  consists  of  a  Krupp  cemented  belt  15  feet  wide,  extend 

Lng  from  the  after  bulkhead  to  t he  how.     It  is  9  inches  t hick  amidships, 
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increasing  to  6  inches  just  by  the  forward  barbette,  and  thence  reduces 
to  2  inches  at  the  extreme  bow.  It  is  -4  inches  thick  at  30  feet  from 

the  stem,  and  here  the  belt  proper  ends.  The  continuation  is  2-inch 
nickel  steel,  and  it  is  carried  down  over  the  ram.  Abaft  the  after 

bulkhead,  up  to  the  level  of  the  lower  deck,  there  is  1  inch  nickel  laid 

on  the  one-half  inch  skin  plating,  constituting  a  complete  belt  against 
small  projectiles. 

There  are  two  armor  decks.  The  upper  one  is  flat — 1  inch  thick  of 
steel  where  the  side  armor  is  thickest  and  2  inches  elsewhere.  This 

armor  deck  runs  along  level  with  the  top  of  the  belt  and  forms  the 

main  deck  of  the  ship. 

The  second  deck  is  the  ordinary  inclined  deck  reinforcing  the  belt. 

It  rises  from  the  lower  edge  of  the  belt  amidships,  and.  going  up  at  a 

sharp  angle,  has  a  flat  top  about  the  lower  deck  level  in  the  middle  of 

the  ship.     Forward  and  aft  it  sinks  more  and  has  less  curve. 

There  will  be  two  sets  of  vertical  triple-expansion  engines,  actuating 
twin  screws  turning  inward.  They  are  designed  for  L5,000  I.  H.  P.. 

which  is  to  give  18  knots  and  11<>  revolutions.  The  boilers  will  be 

twenty  in  number,  of  the  Babcock  &  Wilcox  type  in  the  Qiiet  n  and  the 

Belleville  in  the  Prince  of  Wales. 

Speaking  of  the  armament  of  these  vessels,  the  London  Engineer 

says: 

A  proposal  is  afoot  to  replace  some  or  all  of  tin-  Q  -inch  guns  by  7..~>  pit-re-. 
and,  in  view  of  the  present  trend  toward  arming  our  ships  as  well  as  any  possible 

enemy's,  this  may  very  probably  be  attempted. 
A  7.5-inch  gun  with  mountings  weighs  approximately  27  tons,  and  its  charge  and 

projectile  256  pounds.  With  the  new  propellant  some  weight  will  be  saved,  and 

approximately  10  rounds  go  to  the  ton,  and  about  20  tons  of  ammunition  are  carried 

per  gun  at  200  rounds  the  gun.  That  is  240  tons  for  12  guns,  which,  plus  the  weight 

of  12  guns  and  mounting — .'524  tons — comes  to  about  564  tons  tor  an  entire  armament 
of  7.5-inch  guns.  To  this  we  may  add  75  tons  for  increased  size  of  casemates,  giving 

a  grand  total  of  039  tons,  which  we  may  call  650  in  round  numbers.  The  6-inch 
45-caliber  Vickers,  with  its  mounting,  etc.,  weighs  %\  tons.  Weight  for  12  guns  is 

therefore  111  tons,  against  .'524  tons.  Ammunition  runs  at  about  IS  rounds  to  the 
ton.  The  total  for  all  the  secondary  guns  at  2(H)  rounds  we  tan  put  at  132  tons, 

giving  a  grand  total  of  143  tons  for  the  present  0-inch  armament,  against  ">04  tons 
as  an  outside  weight  for  one  of  7. 5-inch  guns.  The  extra  weight  would  then  be 
about  421  tons. 

Now,  50  tons,  more  or  less,  is  a  negligible  weight  in  any  of  Sir  William  White's 
battleships— the  margin  in  them  being  about  800  to  1,000  tons  in  15.000.  By  this 
we  mean  that  all  of  them  carry  maximum  coal  without  their  Bpeed  being  affected. 

To  reduce  the  coal  would  not  be  politic,  perhaps,  but  the  extra  420  tons  odd  would 

not  very  appreciably  affect  the  Bpeed  of  the  Queen,  while  in  any  case  she  would  con- 
sume coal  enough  to  soon  cover  the  difference.  But  the  weight  can  be  saved  far 

more  cheaply.  The  exact  weight  of  "  stores  "  carried  is  hard  to  get  at.  but  since  in 
dealing  with  a  15,000-ton  total  small  fractions  do  not  matter,  we  can  arrive  at  an 

approximation  sufficiently  near.  Something  over  2  tons  a  day  in  the  way  of  food, 

etc.,  are  daily  consumed  by  a  battleship's  crew.  Much  of  it  is  in  the  way  i>\  food 
that  is  replenished   weekly,  but  stores  for  six   mouths  are  carried.      If  we  assume 
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these  at  a  ton  a  day,  we  shall  not  probably  be  much  more  than  a  hundredweight  or 
so  out,  and  the  total  can  not  be  less  than  200  tons.  Probably,  seeing  that  it  includes 
many  things  besides  food,  300  tons  or  more  would  be  nearer  the  mark.  Since  a 

ship  must  coal  at  least  once  a  month,  a  good  three-quarters  of  these  stores  are  dead 
weight  of  no  value,  and  here  alone  nearly  200  tons  could  be  saved. 

Then,  again,  the  7.5-inch  could  do  with  less  than  200  rounds.  Fifty  tons  could  be 
saved  here.  About  50  to  100  tons  of  spare  gear  is  quite  unnecessarv,  and  thus,  with- 

out touching  the  coal,  the  extra  420  to  450  tons  of  7.5-inch  armament  is  sufficiently 
nearly  covered  to  insure  no  appreciable  loss  of  speed.  In  addition,  the  12-inch 
guns — each  round  for  which  weighs  nearly  half  a  ton — carry  far  more  rounds  than 
they  could  conceivably  require.  The  Queen  could  not  well  mount  more  0-inch  guns 
than  she  does,  save  by  substituting  a  battery  a  la  Mikasa  for  the  main  deck  case- 

mates, and  that  means  a  heavy  increase  in  weight.  Four  7.5-inch  could  replace  four 
6-inch  at  a  cost  of  160  tons,  on  which  10  tons  of  ammunition  at  least  could  be  saved, 
and  that  extra  150  tons,  which  might  conceivably  be  considerably  less,  for  we  have 
taken  outside  weights  for  the  extra  size  of  casemates,  could  be  carried  without  the 
ship  feeling  it. 

Our  own  impression  is  that,  even  did  it  necessitate  reducing  the  coal  supply  by  400 

tons,  the  change  in  armament  would  be  a  gain,  for  the  burst  of  these  200-pound 
shells  from  the  7.5-inch  gun  is  prodigious,  while  probable  enemies  all  carry  armor 
that  the  7.5-inch  could  tackle  where  the  6-inch  could  not.  There  is  a  great  deal  of 
5-inch  armor  on  foreign  ships,  and  the  7.5-inch  in  battle  conditions  should  be  superior 
to  that  armor,  and  go  through  it  whenever  it  hit  it  seven  times  out  of  ten,  while  a 

200-pound  projectile  at  2,500  foot-seconds  initial  velocity  is  going  to  hit  hard  enough 
to  make  itself  extremely  unpleasant,  even  where  it  does  not  get  through.  Eeflecting 
on  this  and  kindred  things,  we  strongly  advise  the  Admiralty  to  take  the  bull  by 

the  horns  and  give  the  Queen  the  projected  7.5-inch  guns.  It  is  a  thing  that  can  be 
done,  and  since  it  can  be  done  it  should  be  done,  for  it  is  worth  it.  The  6-inch  gun 
is  either  too  small  or  too  large  for  modern  requirements,  and  only  the  fact  that  it  is 
the  smallest  gun  that  can  be  trusted  to  fire  lyddite  that  will  detonate  with  certainty 

justifies  its  use  at  all.  Two  4.7-inch  would  weigh  no  more  and  do  equal  execution, 
save  with  lyddite,  and  shoot  more  truly  at  sea.  They  also  threaten  to  land  us  in 

the  reductio  ad  absurdum,  for  the  4-inch  may  be  better  still,  and  so  on,  till  we  get  to 
the  3-pounder,  the  most  deadly  gun  of  any,  if  only  its  range  were  longer.  Going 
upward  from  the  6-inch,  the  9.2-inch  is  barred  from  much  employment  on  the  score 
of  weight,  but  the  7.5-inch  is  not,  and  we  do  not  think  there  can  be  much  question 

that  a  fire  of  six  7.5's  from  the  Queen1 8  broadside  would  match  even  the  two  9.2|s 
and  five  0-inch  of  the  King  Edward.     This  six  6-inch  would  certainly  fail  to  do. 

BEDFORD,  ESSEX,   LANCASTER,  AM)   MONMOUTH. 

These  armored  cruisers  of  the  County  class  have  been  launched  since 

the  last  report.  A  description  of  the  class  is  given  on  page  40,  Gen- 
eral Information  Series  No.  XX. 

KIM;  ALFRED. 

The  armored  cruiser  King  Alfred,  the  last  of  the  Drah  class  build- 
ing, wa>  launched  from  the  works  of  Vickers,  Sons,  <&  Maxim,  Limited, 

ai  Barrow,  October  28,  L901.  The  others  of  this  class  are  the  Drake, 
(}<><><!  Hope,  and  Leviathan* 
The  King  Alfred  resembles  the  Powerfuland  Terrible,  the  apparent 

differences  being  thai  she  lias  no  military  tops,  and  the  poop  lias  been 
cut  away  t<>  increase  the  weight  available  for  armor  and  onus.     The 
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speed  has  been  increased  to  23  knots;  there  are  four  more  6-inch  K.  F. 
guns,  but  as  each  individual  gun  is  of  greater  power,  and  attains  a 

higher  rate  of  fire,  the  weight  of  projectiles  which  may  be  discharged 

per  minute  has  been  increased  from  about  6i  tons  in  the  Powerful  to 

about  9  tons  in  the  King  Alfred,  while  the  muzzle  energy  has  been 

more1  than  doubled.  The  Powerful  is  a  protected-deck  cruiser,  with 

6-inch  casemates  for  her  6-inch  R.  F.  guns,  and  similar  protection  for 

the  bow  and  stern  9.2-inch  guns.  In  the  King  Alfred  the  armor  pro- 
tection is  most  effective.  The  main  and  auxiliary  machinery  and  boil- 

ers and  the  magazines  are  protected  by  a  water-line  belt  11  feet  6  inches 

deep,  extending  over  half  the  vessel's  length,  and  varying  in  thickness 
from  6  inches  amidships  to  -1  inches  at  the  ends.  At  the  after  end  of 

this  belt  a  ;">-inch  armored  bulkhead  is  fitted;  and  2-inch  nickel-steel 
protective  plating  is  fitted  on  the  bows.  Abaft  the  screen  bulkhead  is 

a  protective  deck  2£  inches  thick,  affording  protection  to  the  steering 

gear  and  after  capstan,  etc.  Within  the  citadel  two  protective  decks 
are  worked,  the  upper  being  1^  inches  thick,  and  the  lower  1  inch 

thick.  The  9.2-inch  guns  are  protected  by  6-inch  barbettes,  in  addi- 

tion to  gun  shields.  The  6-inch  guns  are  each  inclosed  in  a  separate 

casemate,  these  being  formed  of  5-inch  hard-faced  armor.  The  con- 

ning tower  is  of  12-inch  armor,  with  an  armored  tube  7  inches  thick, 
affording  protection  to  the  controlling  gear,  etc. 

The  main  armament  includes  two  9.2-inch  Vickers  guns,  the  perfec- 
tion of  the  mechanism  and  mounting  of  which  enables  a  rate  of  fire  of 

four  aimed  rounds  per  minute  with  380-pound  shot,  developing  a 

muzzle  energy  of  17,830  foot-tons.  Besides  the  two  9.2-inch  guns 

mounted  as  bow  and  stern  chasers,  the  King  Alfredhsa  twelve  6-inch 

guns,  which  are  mounted  in  a  series  of  two-story  casemates,  four  on 

either  broadside,  and  these  6-inch  guns  have  on  trial  tired  eight  aimed 

rounds  per  minute,  the  projectile  being  of  100-pound  weight.  Four 

of  the  6-inch  guns,  as  well  as  one  of  the  9.2-inch  weapons  and  two  12- 
pounders,  fire  ahead  in  line  with  the  keel,  while  the  same  number  of 

guns  can  discharge  astern,  the  total  number  of  projectiles  being  thus 

116,  with  an  aggregate  weight  of  5,720  pounds  per  minute  ahead  in- 
astern;  while  the  broadside  fire  amounts  to  11,190  pounds.  There  is 

also  a  large  number  of  12-pounder  and  machine  guns. 
The  King  Alfred  is  to  maintain  a  speed  of  28  knots.  The  propelling 

machinery  consists  of  two  sets  of  four-cylinder  triple-expansion  engines; 
each  of  the  two  sets  is  designed  to  develop  15,000  I.  H.  P.,  giving  a 
combined  I.  H.  P.  of  30,000.  Steam  is  supplied  by  water-tube  boilers 

of  the  latest  Belleville  economizer  type,  working  at  a  pressure  o\'  300 
pounds  per  square  inch.  Each  set  of  engines  is  placed  in  a  separate 

engine  room,  divided  by  a  longitudinal  water-tight  bulkhead  which 
extends  the  whole  length  of  the  engine  room.  Each  engine  room  is 
in  all  respects  similar  to  but  entirely  independent  of  the  other.     The 
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main  engines  are  of  the  inverted  type,  supported  on  cast-iron  columns 
at  the  back  and  inclined  wrought-steel  columns  at  the  front.  The  sole 
plates  or  main  bearing  frames  are  of  cast  steel,  strongly  bolted  together 

so  as  to  form  a  stiff  foundation  for  the  engines.  All  the  cylinders  are 

fitted  with  separate  liners  and  are  steam-jacketed.  The  diameter  of 
the  high-pressure  cylinder  is  43i  inches,  that  of  the  intermediate  cyl- 

inders 71  inches,  and  that  of  the  two  low-pressure  cylinders  81-J- 

inches,  all  having  a  stroke  of  48  inches.  The  high-pressure  cylinder 
is  fitted  with  one  piston  valve  of  the  inside  type,  the  intermediate  cyl- 

inder is  fitted  with  two  piston  valves  having  adjustable  packing  rings, 

while  the  two  low-pressure  cylinders  are  fitted  with  double-ported  flat 
slide  valves  having  a  special  type  of  relief  ring. 

There  are  two  air  pumps  on  each  engine,  worked  by  levers  in  the 

usual  manner  from  the  main  engines.  The  main  condensers  are  four 

in  number,  of  cast  gun  metal,  having  a  collective  cooling  surface  of 

32,000  square  feet.  There  are  two  condensers  to  each  set  of  engines, 

one  forward  and  one  aft,  bolted  to  the  back  columns  and  resting  on  a 

seat.  At  the  after  end  of  each  engine  room  is  placed  an  auxiliary 

condenser  having  a  cooling  surface  of  1,830  square  feet.  Under  each 

auxiliary  condenser  is  placed  a  combined  air  and  circulating  pump. 

Water  is  circulated  through  the  main  condensers  by  four  24i-inch 
centrifugal  circulating  pumps,  each  driven  by  independent  engines, 

having,  in  addition  to  the  suctions  from  the  sea,  the  usual  bilge 
connections. 

The  boilers  are  placed  in  4  separate  compartments,  there  being  in 

all  8  fire-rooms  running  athwartships.  The  forward  group  in  each 
boiler  room  consists  of  a  single  row  of  boilers,  and  the  after  group  in 

each  are  placed  back  to  back.  There  are  thus  43  boilers  with  econo- 

mizers, viz:  Five  boilers  having  10  elements,  with  8  element  econo- 
mizers; 28  boilers  having  9  elements,  with  7  element  economizers; 

and  10  boilers  having  8  elements,  with  0  element  economizers. 

The  other  auxiliary  machinery  in  the  engine  rooms  comprises  4  elec- 

tric light  engines  and  dynamos,  2  steering  engines,  2  reversing  en- 
gines, 2  turning  engines,  2  hot-well  pumps,  4  fire  and  bilge  pumps,  1 

drain-tank  pump,  1  latrine  pump,  4  feed  and  brine  pumps,  2  circulat- 
ing and  fresh-air  pumps,  4  sets  of  evaporators,  2  distilling  condenser-. 

2  ventilating  fans  and  engines.  Jn  the  boiler  rooms  arc  8  Weir's  feed 
pumps,  *>  air-blowing  engines  for  supplying  the  furnaces  with  small 
jets  of  iii r  under  a  pressure  of  L5  pounds  per  square  inch.  Hi  forced 

draft  fans  with  open  double-acting  steam  engines,  and  8  double-cyl- 

inder  ash-hoist  engines.  Jn  the  outside  machinery  space  ate  2  coal 
hoisting  engines,  2  air-compressing  engines  and  pumps,  and   l  air 

rvoirs  with   valves   complete,   1    ice  making   machine.   1    workshop 

engine,  and  1   hydraulic  pumping  engine 

The  Length  of  the  King  Alfred  is  500  feci;  width.  71  feci;  and  when 
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in  fighting  trim  she  will  displace  14,100  tons,  the  draft  then  being 
_?6  feet.  The  vessel  carries  2,500  tons  of  fuel  in  her  bunkers,  and  will 

therefore  be  able  to  steam  at  a  cruising*  speed  of  1-t  knots  for  12,500 
sea  miles — equal  to  a  voyage  from  Portsmouth  to  Melbourne — without 
renewing  her  fuel  supply. 

As  launched  the  vessel  is  in  a  forward  state;  all  her  side  armor 

with  the  2-inch  nickel  steel  had  been  built  into  the  hull,  and  the  after 
barbette  and  the  casemates  on  the  main  deck  constructed.  The 

launching  weight  was  8,070  tons. 

MOORHE>. 

This  shallow-draft  gunboat,  a  sister  ship  to  the  Teal,  was  launched 
by  Yarrow  &  Co.,  at  Poplar.  August  13, 1901.  A  description  of  these 
gunboats  is  given  on  page  53,  General  Information  Series  No.  XX. 

NO.  108. 

This  25-knot  torpedo  boat,  the  last  of  a  group  of  four  built  at  Chis- 
wick,  was  laid  down  September  5,  L900,  and  launched  August  30,  1901. 

VELOX. 

This  torpedo-boat  destroyer,  designed  especially  for  steam  turbine 
machinery,  has  been  built  by  Hawthorn,  Leslie  c<:  Co..  at  their  lleb- 
burn  yard  on  the  Tyne,  the  machinery  haying  been  furnished  by  the 
Parsons  Company.  It  is  understood  that  this  vessel  has  not  been 
built  to  the  order  of  any  Government.  Her  dimensions  are:  Length. 

210  feet;  beam.  21  feet:  molded  depth.  12  feet  ♦'»  inches.  Special 
attention  has  been  paid  to  the  conditions  necessary  to  secure  longitu- 

dinal strength.  The  boilers  are  of  the  Yarrow  type,  and  have  been 
made  by  Messrs.  Hawthorn. 

The  main  propelling  machinery  consists  of  two  independent  sets  oJ 

Parsons  turbine  engines,  one  high-pressure  engine  and  one  low-pi 
sure  engine  being  on  each  side  of  the  vessel.  This  gives  four  turbiii 
each  of  which  has  its  own  line  of  shafting,  and  as  each  shaft  carries  two 

propellers,  there  are  eight  propellers  in  all.  The  high-pressure  tur- 
bines drive  the  outer  shafts  and  the  low-pressure  turbines  theannerones. 

For  going  astern  reversing  turbines  are  incorporated  in  the  exhaust 
easing  of  each  of  the  low-pressure  cylinders.  A  novel  feature  in  this 
vessel  is  the  introduction  of  ordinary  reciprocating  engines  fitted  in 
conjunction  with  steam  turbines.  The>e  engine-  are  ̂ ^  t ho  triple 
compound  type,  and  are  coupled  direct  to  the  main  turbines  and  work  in 
conjunction  with  them.  They  take  steam  directly  from  the  boilers,  and 

exhaust  through  tin4  high-pressure  turbine,  the  exhaust  from  the  latter 
passing  in  turn  through  the  low-pressure  turbine,  and  from  thence  to 

the  condensers.  These  reciprocating  engines  an4  for  use  at  cruising 
speeds,  when  low  power  is  only  needed,  and  are  therefore  of  <  ompara- 
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tivelv  .small  size.  All  steam  engines,  including  the  steam  turbine,  do 
not  show  high  efficiency  when  they  are  working  much  below  the  power 
for  which  they  are  designed,  and  as  destroyers  very  seldom  run  at 
their  top  speed  they  are  apt  to  be  wasteful  of  fuel  during  the  greater 
part  of  their  steaming.  The  new  arrangement  which  Mr.  Parsons  has 
introduced  should  therefore  be  a  distinct  advantage.  When  higher 
powers  than  those  needed  for  absolute  cruising  speeds  under  ordinary 
conditions  are  needed,  steam  will  be  admitted  to  the  turbines  direct 
from  the  boilers,  and  when  the  highest  speed  is  needed,  which  would 

bring  the  rate  of  revolution  beyond  that  permissible  with  reciprocat- 
ing engines,  steam  will  be  entirely  cut  off  from  the  latter,  they  being 

at  the  same  time  thrown  out  of  gear,  and  the  steam  turbines  alone 
would  be  used. 

SUBMARINE  BOATS. 

Of  the  five  submarine  boats  building-  at  Barrow  for  the  English 
navy,  No.  1  was  launched  October  2,  1901;  No.  2,  February  21, 1902, 
and  Nos.  3,  4,  and  5,  May  9,  May  23,  and  June  10,  1902,  respectively. 
These  are  of  the  Holland  type  and  are  described  on  page  55,  General 
Information  Series  No.  XX. 

A  new  type  of  submarine  has  been  ordered  b}^  the  Admiralty  from 
Messrs.  Vickers,  Son  &  Maxim,  Barrow.  The  Admiralty  originally 
gave  the  order  to  Barrow  for  live  out  of  six  submarines,  and  now  the 

sixth  is  also  to  be  built  there.  She  is  to  be  100  feet  long — 37  feet 
longer  than  the  other  five — and  will  embrace  some  new  departures  in 
design  and  construction  based  on  the  experiments  already  made. 

FRANCE. 

PATRIE  AND  KEPUBLHJUE. 

The  keel  of  the  RejnMique  was  laid  at  Brest,  December  2,  1901. 
All  the  frames  are  now  in  place  and  also  a  part  of  the  side  plating. 
The  Patrie  will  be  constructed  at  La  Seyne. 

A  description  of  these  new  battleships  is  given  on  page  57,  General 
Information  Series  No.  XX. 

AMIKAL  AUBE  AND  CONDE\ 

These  armored  cruisers  of  10,000  tons,  the  former  laid  down  at 
St.  Nazaire  August  9,  1901,  and  the  latter  at  Lorient  March  20,  1901, 

were  launched  May  9,  1902,  and  March  12,  1902,  respectively.  They 
are  the  last  of  a  class  of  five  vessels,  the  Gloire,  Marseillaise^  and  Svlly^ 

having  been  launched  in  1900-1901  A  full  description  of  these  vessels 
is  given  on  pages  57-60,  General  Information  Series  No.  XX. 

LEON  GAMBETTA. 

This  armored  cruiser  was  laid  down  at  Brest,  January  15,  L901,  and 
was  launched  October  20,  1901. 
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Her  dimensions  are:  Length,  486.7  feet;  beam,  70.2  feet;  displace- 
ment, 12,600  tons;  draft,  27  feet.  Armament:  Four  7.64-inch  guns; 

sixteen  6.5-inch  guns;  twent}7-two  3-pounders;  and  two  1-pounders. 
Of  the  sixteen  guns  of  medium  caliber,  twelve  are  in  pairs  in  six  tur- 

rets and  the  other  four  are  in  armored  redoubts.  The  ship  will  have 

five  torpedo  tubes,  of  which  two  will  be  submerged. 
The  three  independent  engines  should  develop  27,500  I.  H.  P..  and 

give  a  speed  of  22  knots.  There  will  be  28  Niclausse  water-tube 
boilers  in  four  separate  compartments.  The  grate  and  heating  surfaces 
are,  respectively,  1,658  and  55,682  square  feet.  The  tubes  have  a 
diameter  of  3.3  inches  and  are  7.7  feet  long.  Special  arrangements 
permit  of  the  combined  or  separate  use  of  coal  and  oil  as  fuel.  The 
bunkers  will  hold  about  2,100  tons  of  coal  and  100  tons  of  petroleum, 
which  is  estimated  to  give  a  radius  of  action  at  10  knots  of  12,000 

miles.  This  estimate  is  probably  too  large,  as  it  would  give  a  steam- 
ing capacity  of  about  6  knots  per  ton  of  coal,  which  is  seldom  realized 

in  ships  of  this  size,  1  knots  per  ton  being  more  nearly  correct  in 

practice. 
Besides  her  main  engines,  there  will  be  the  usual  auxiliary  machinery 

for  turrets,  ammunition  hoists,  torpedoes,  steering, anchors,  boat  hoist- 
ing, ventilation,  flushing  and  fire  systems,  evaporators,  and  freeing 

pumps.     The  launching  weight  of  the  vessel  was  3.480  tons. 

She  will  be  fitted  as  a  flagship,  and  will  carry  19  boats.  The  com- 
plement will  consist  of  38  officers  and  695  men. 

DUPETIT-THODAB8. 

This  armored  cruiser  of  9,517  tons  was  laid  down  at  Toulon.  April 

17,  189!),  and  was  launched  July  ~>,  1901.  Her  principal  dimensions 
are:  Length,  452.7  feet;  beam.  (1:^.5  feet;  draft.  24.5  feet.  She  has 

vertical  triple-expansion  engines,  water-tube  boilers,  and  three  pro- 
pellers, and  is  to  have  a  speed  of  21  knots.  The  ordinary  coal  storage 

is  1,020  tons,  giving  a  radius  of  action  of  6,500  miles  at  10  knots  and 
1,230  miles  at  full  speed.  It  is  possible,  however,  to  carry  L,600  tons, 
giving  a  radius  of  action  of  10,300  miles  at  10  knots  and  1,920  miles 
at  full  speed.  Protection  is  given  by  an  armored  belt  6. 2  inches  thick, 
turret  armor  8.6  inches  thick,  and  an  armored  deck  L.5  inches  thick. 

Her  armament  includes  two  7.6-inch  guns,  eight  6.4-inch  guns,  four 

3.9-inch  guns,  sixteen  1.8-inch  guns,  and  six  1.4-inch  guns.  She  also 
has  two  submerged  torpedo  tubes.  Her  complement  is  fixed  at  32 
officers  and  578  men. 

BAPIEBE  AM)  KMMHKKtiE. 

These  torpedo-boat  destroyers  of  3 1 1  tons  displacement  were  launched 
at  Rochefort,  the  former  duly  L6,  l001,and  the  latter  October  28,  L901. 
Their  principal  dimensions  are:  Length,  L83.7  feet;    beam,    19   feet; 
draft,  7.2  feet;  estimated  speed,  27  knots,  with  5,200  1.  11.  P. 
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BOURRASqUE. 

This  seagoing  torpedo  boat,  laid  down  at  Havre  June  28,  1900,  was 
launched  August  31, 1901.  The  principal  characteristics  of  the  vessel 
are:  Length,  117.6  feet;  beam  at  water  line,  15.7  feet;  greatest  beam, 

16.6  feet;  mean  draft,  4.9  feet;  draft  under  screw,  8.1  feet;  displace- 
ment of  hull  (without  load),  161.2  tons;  maximum  H.  P.,  1,600;  con- 
tract speed,  29  to  30  knots. 

TRITON,  ESPADON,  AND  SILURE. 

These  submarine  torpedo  boats  have  been  launched  at  Cherbourg, 
the  Triton  July  13,  the  Espadon  August  31,  and  the  Silure  October 
29,  1901.  These  are  the  last  of  the  series  of  five,  of  which  the  others 

are  the  JVarval  (t}rpe)  and  the  Sirene.  The  principal  characteristics 
of  these  boats  are:  Length,  111.5  feet;  beam,  12.3  feet;  draft,  when 
on  the  surface,  5.2  feet;  displacement,  106  tons;  displacement  below 

water,  202  tons;  estimated  speed,  12  knots.  There  are  four  torpedo- 
launching  apparatus.     The  crew  consists  of  11  men. 

NOS.  253,  254,  255,  256,  AND  257. 

These  first-class  torpedo  boats,  built  at  Havre,  have  been  launched 
since  the  last  report.  The}^  have  a  displacement  of  90  tons  and  a 
speed  of  24  knots.  Their  principal  dimensions  are:  Length,  121.3 
feet;  beam,  14  feet;  draft,  8.9  feet.  The  armament  consists  of  two 

37-millimeter  guns,  and  there  are  two  torpedo  tubes,  one  in  the  bow 
compartment,  passing  through  the  stem,  and  the  other  on  deck  abaft 

the  engine-room  hatch. 
NOS.  259,  260,  AND  264. 

These  first-class  torpedo  boats,  of  the  same  type  as  those  built  at 
Havre,  have  been  launched  at  Bordeaux  since  the  last  report. 

GERMANY. 
W1TTELSBAC1I  CLASS. 

The  first-class  battleship  Schwaben  was  launched  at  Wilhelmshaven, 
August  19,  1901,  and  the  Mecklenburg  at  Stettin,  November  9,  1901. 

These  vessels  were  known  previous  to  launching  as  battleships  "G" 

and  "F,"  a  description  of  which  is  given  on  page  65  of  General 
Information  Series  No.  XX. 

I'BIM'K  PB1EDBICH  HAUL. 

The  armored  cruiser  Ersatz  Konig  Wilhehn  was  launched  at  Blohm 

and  Voss's  shipyard,  Hamburg,  June  21,  L902,  and  named  Prince 
Friedrich  Karl.  She  is  a  sister  ship  of  the  Princt  Adalbert,  Her 

principal  dimension-  are:  Length,  893.7  feet;  beam.  64.3  feet;  draft, 
24  feet;  displacement,  8,868  ions.  Her  armament  consists  of  the  fol- 

lowing lv.  F.  guns:  Pour  8.27-inch,  ten  5.9-inch,  twelve  8.46  inch,  and 
fourteen  machine  guns.  She  has  four  torpedo  launching  tubes. 
Thickness  of  armor:  Belt,  3.94  inches;    leek,  L. 96  inches;  turret, 
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inches.     She  has  triple  screws  driven  by  engines  developing  16,000 
I.  H.  P.,  and  is  designed  for  a  maximum  speed  of  21  knot>. 

FRAUENLOB  AMD  AKC'OSA. 

The  small  cruiser  known  as  "G"  was  launched  at  the  AVeser  ship- 
yard in  Bremen,  March  22.  1902,  and  named  FraueriUJb.  Her  princi- 

pal dimensions  are:  Length  between  perpendiculars,  328  feet;  beam. 
40.35  feet;  draft,  10.4  feet:  and  displacement.  2.700  tons.  Her  engines 

are  to  develop  8,000  H.  P.  and  give  a  speed  of  22  knots.  The  arma- 
ment consists  of  ten  4. 13-inch  R.  F.  guns,  twelve  of  37  millimeters, 

and  several  8-millimeter  guns.  There  are  to  be  two  submerged  torpedo 
tubes.  The  ship  has  twin  screws,  driven  by  two  triple-expansion 

three-cylinder  engines.  There  are  nine  water-tube  boilers  of  the 
Thornycroft-Schultz  type.  The  auxiliary  machinery  includes  three 
large  d}rnamos  for  electric  lighting  and  running  electric  motors,  for 
ventilation,  ammunition  hoists,  steering  gear,  capstan,  pumps,  etc. 

Coal  capacity,  60<>  tons,  and  steaming  radius.  6,000  sea  miles.  Com- 
plement, 250  men. 

The  Arcona  (Ex.  H).  a  sister  ship  of  the  Frauenlob,  and  building  at 
the  same  yard,  was  launched  April  22.  1902. 

TOKPKDO-BOAT  DKSTBOYKKS. 

Of  the  two  divisions  of  torpedo-boat  destroyers  laid  down  in  1901, 
S-102to  S-107  atElbing  andG-108  toG-113  at  theGermania  Works, 
Kiel,  S-106  was  launched  September  7.  1901,  and  S-107  October  17. 
G-108  and  G-109  September  7.  11)01.  G-110  April  2,  1902,  and  G-lll 
June  19,  1902.  The  principal  characteristics  of  these  boats  are  as 

follows:  Length,  206.7  feet;  beam, 22. 9 feet;  draft,  8.85 feet;  displace- 
ment, 350  tons;  speed,  27  knots;  I.  H.  P.,  5,400;  coal  capacity.  Ion 

tons;  three  above-water  torpedo  tabes. 
I'KIXZ   ADALHKKT. 

A  German  writer  in  the  Ueberatt  Arma  "ml  Marina  makes  the 

following  very  instructive  comparison  between  the  latest  German, 
French,  and  English  armored  cruisers: 

I'rin/  Adalbert 

Creasy 

Montcalm 

Launched. 
Displace- ment. 

Indicated 

lie  • power. 

1901 

1899 

1900 

Tons. 

9,048 

12,192 

9,617 

16,5 

•J  1,000 

19.600 

Maxi- 
mum 

speed. 
K  lints. 

•Jl 

•21 

Coal  ca* 
parity Armament." 

21 

Tons. 

1,600     Four  8.27-in.,  ten  6.9- 
in.,  twelve  3.46-in., 

ten  37  mm. 

1,626     Two    9.06-in.,  twelve •'.in.,  fourteen 

in.,  three  A~  mm. 
1,600     Two    7.64-in..    eight 

In.,  four  3.94-in., 

sixteen  IT  mm.,  six 
:;:  mm. 

Tor- 

pedo 

tubes. 

"  All  rapid  lire. 
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The  Prinz  Adalbert  has  a  complete  belt  of  armor  3.94  to  3.15  inches 

thick.  The  citadel,  three-fifths  of  her  length,  is  3. 94-inch  armor, 
closed  forward  and  aft  by  inclined  bulkheads. 

The  Oressy  has  a  belt  of  armor  over  three-fourths  of  her  length, 
which  is  rather  heavier  than  that  of  the  Prinz  Adalbert.  The  guns 
are  mounted  separately  and  locally  armored. 

The  Montcalm  has  a  complete  armor  belt,  and  the  greater  part  above 
the  belt  is  armored. 

The  Prinz  Adalbert  has  the  smallest  displacement,  which  thus 
accounts  for  the  difference  in  coal  capacity. 

The  Prinz  Adalbert  is  the  best  armed,  since  there  is  but  little  differ- 

ence in  the  penetrative  power  of  the  8.27-inch  and  9. 06-inch  R.  F.  guns. 

ITALY. 

VITTORIO  EMANUELE. 

It  is  reported  that  for  her  secondary  battery  this  battleship  will  carry 

twelve  4-inch  R.  F.  guns  instead  of  twelve  12-pounders. 
BENEDETTO  BRLN. 

This  first-class  battleship  was  laid  down  at  Castellamare  in  February, 
1899,  and  launched  November  7,  1901.  She  is  a  sister  ship  of  the 

Regina  Margherita,  a  description  of  which  is  given  on  page  73  of  Gen- 
eral Information  Series  No.  XX.  The  latest  reports  state  that  she  is 

to  be  fitted  with  Belleville  boilers  instead  of  Niclausse  boilers.  The 

armor  is  all  of  domestic  manufacture,  furnished  by  the  Terni  Steel 
Works. 

FRANCESCO  FERRUCCIO. 

The  armored  cruiser  Francesco  Perruccio,  a  sister  ship  of  the  Gari- 
baldi and  Varese,  was  launched  at  Venice  April  23, 1902.  This  ship  was 

designed  by  E.  Masdea,  chief  of  the  technical  department  in  the  Italian 
ministry  of  marine. 

Her  dimensions  are:  Length,  363.28  feet;  beam,  61.37  feet;  draft, 

full  load,  23.39  feet;  displacement,  7,460  tons.  The  weights  arc  dis- 
tributed as  follows: 

'Ions. 

Hull         

3,  < )LV> 
Armor    1,  :>:>() 

Armament,  including  torpedoes    850 
.Machinery  and  boilers    1 ,  055 

Coal    ( it  ii ) 

Total     7,  4(H) 

The  hull  is  built  of  Kalian  steel.     She  has  a  partial  double  bottom, 
one  armored  deck,  and  three  decks  above,  and  is  divided  Into  niuner 

ous  water-tight  compartments.     She  has  a  complete  armor  belt  extend 

L800    02   3 
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ing  from  outside  of  the  armored  deck  and  terminating  in  an  armored 

citadel  above.  The  armor  is  of  Terni  nickel-steel.  Amidships  along 
the  belt  and  sides  it  is  5.9  inches  thick,  diminishing  in  thickness  at  the 

extremities.  The  athwartship  bulkheads  forward  and  abaft  the  citadel 

are  4.7  inches  thick.  The  machinery,  steering  gear,  etc.,  are  below 

the  protective  deck. 

The  armament  consists  of  one  10-inch  gun  in  forward  armored  turret, 

two  8-inch  guns  in  after  turret,  fourteen  6-inch  guns — ten  in  citadel, 

four  with  shields — ten  2.75-inch  guns,  and  six  47-millimeter  guns. 
The  guns  were  made  by  Armstrong  at  Pozzuoli.  There  are  two 

submerged  torpedo  tubes. 

The  engines  are  triple-expansion,  built  by  Hawthorn  Guppy,  at 
Naples,  driving  twin  screws.  She  has  24  Niclausse  water-tube  boilers. 
Of  the  six  compartments  the  two  forward  ones  contain  4  and  8  boilers, 

respectively,  as  do  also  the  two  after  ones,  while  the  machinery  occu- 
pies the  two  middle  compartments,  separated  by  longitudinal  bulkheads. 

The  engines  develop  13,500  I.  H.  P.,  and  give  a  speed  of  20  knots. 

There  are  20  coal  bunkers,  having  a  capacity  of  600  tons. 

The  ship  carries  11  boats,  two  of  which  are  steam  launches. 

The  electric  machines  develop  132  kilowatts,  used  for  lighting,  ven- 
tilation, training  turrets,  hoisting  ammunition,  and  for  auxiliaries 

generally. 

The  centrifugal  pump  discharges  2,00<>  tons  of  water  per  hour,  and 
the  Thirio  suction  pump  400  tons  per  hour. 

The  hull  was  finished  when  the  ship  was  launched. 

The  armament  of  this  vessel  will  probably  be  delayed  on  account  of 

the  guns  originally  intended  for  her  having  been  sold  to  Ansaldo  for 

the  two  new  Argentina  ships  that  the  latter  company  has  contracted  for. 

TIRBISE. 

This  torpedo-boat  destroyer,  built  by  Pattison,  at  Naples,  was 
launched  November  21,  1901.  Her  principal  characteristics  are: 

Length,  210  feet;  beam,  19.5  feet;  draft,  aft.  7.~>  feet;  displacement, 
350  tons;  I.  H.  P.,  6,000;  coal  supply.  80  tons.  It  has  three  water- 

tube  boilers  and  two  triple-expansion  four-cylinder  engines.  The 

armament  consists  of  one  3-inch  R.  F.  gun,  rive  2.25-inch  R.  F.  guns. 
and  two  deck  torpedo  tubes. 

JAPAN. 

MITAKA   AND   TSUSHIMA. 

The  latest  report  is  that  these  second-class  protected  cruisers  are  to 
be  entirely  constructed  of  domestic  material.  This  includes  armor. 

machinery,  ammunition,  and  guns. 
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AKATSl  KI   AM)   KASUMI. 

These  torpedo-boat  destro}^ers,  built  by  Yarrow,  at  Poplar,  have 
been  launched,  the  former  November  13, 1901,  and  the  latter  January 
23,  1902.  Their  principal  dimensions  are:  Length  between  perpen- 

diculars, 220  feet  3  inches;  beam,  20  feet  6  inches;  mean  draft,  5  feet 
4  inches;  displacement,  325  tons;  estimated  I.  H.  P.,  6,000;  speed,  31 

knots;  bunker  capacity,  90  tons;  armament,  one  12-pounder  and  five 
6-pounder  R.  F.  guns,  and  two  torpedo  tubes. 

ASASHIO  AND  SHIRAKUMO. 

These  torpedo-boat  destroyers,  built  by  Thornycroft,  at  Chiswick, 
have  been  launched,  the  former  January  10,  1902,  and  the  latter 
October  1,  1901.  Their  principal  dimensions  are:  Length  between 
perpendiculars,  216  feet  8  inches;  beam,  20  feet  9  inches;  mean  draft, 
6  feet:  displacement,  333  tons;  estimated  I.  H.  P.,  7,000;  speed,  31 
knots;  bunker  capacity,  90  tons.  The  armament  is  the  same  as  that 
of  the  Akatsuki  and  Kasumi.  The  Shirakwmo  was  built  in  seven 
months. 

SWEDEN. 

AEKAN,  TAPPEKHETEN,  AND  WASA. 

These  armored  coast-defense  vessels  have  been  launched,  the  Aeran 
at  Gotaborg,  August,  1901 ;  the  Tapperheten  at  Malmo,  October,  1901, 
and  the  Wasa  at  Stockholm,  September,  1901. 

The  general  dimensions  are:  Length,  288.7  feet;  beam,  19.21  feet; 
draft,  16.1  feet;  displacement,  3,650  tons. 

Their  armament  consists  of  two  8.27-inch  guns,  six  5.91-inch  R.  F. 
guns,  ten  57-millimeter  R.  F.  guns,  and  two  37-millimeter  R.  F.  guns. 
There  are  two  submerged  15-centimeter  torpedo  tubes. 

The  gun  positions  have  an  armor  protection  of  from  7.18  inches  to 
5.12  inches  in  thickness,  and  there  is  an  armored  deck  1.89  inches  thick. 

PORTUGAL. 
TEJO. 

The  high-sea  torpedo  boat  Tejo,  of  530  tons,  was  launched  ;it  the  arse- 
nal in  Lisbon  October  28,  L901.  Her  principal  characteristics  are: 

I.  II.  P.,  7,000;  speed,  25  knots;  armament,  one  2. 95-inch  gun  and  six 
47-millimeter  R.  F.  guns,  and  three  torpedo  tubes. 

RUSSIA. 

BOBODINO  AND  IMPERATOB  AXEXANDKU  ill. 

These  firsl  class  battleships,  of  L3,600  tons,  have  been  launched,  the 
former  September  8,  1  no  I.  at  the  New  Admiralty,  and  the  latter  August 

■i.  L901,  at  the  Baltic;  Works,  St.  Petersburg.     A  description  of  these 
els  is  given  on  page  90,  General  Information  Sen.     \<>.  \\. 
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KMAZ  SI  VAKOFF. 

This  new  battleship  of  the  Borodino  class  was  laid  down  September 
8,  1901,  at  the  Baltic  Works.  She  was  to  have  been  built  at  Galernii 

Island,  where  she  was  laid  down  early  in  June,  1901,  but  on  account 

of  the  lire  that  practically  destroyed  the  plant  at  that  yard  she  was 
transferred  to  the  Baltic  Works. 

OKEA>. 

This  combined  training  ship  and  collier  was  laid  down  at  Howaldt's 
shipyard,  Kiel,  June  10,  1901,  and  was  launched  February  16,  1902. 

She  is  to  be  used  to  train  750  machinists  and  firemen  annually,  and  for 

that  reason  is  fitted  with  the  most  modern  machinery  and  with  various 

types  of  boilers.  Her  dimensions  are:  Length  over  all,  490  feet: 

length  between  perpendiculars,  17<)  feet;  beam.  57  feet:  draft,  full 
load,  25  feet;  load  displacement,  11,900  tons.  The  main  engines  are 

two  vertical  triple  expansion,  each  with  four  cylinders,  and  are  to 

give  11,000  I.  H.  P.  Every  kind  of  modern  auxiliary  engine  in  use 

in  the  navy  will  be  installed  on  board.  All  exhaust  strain  from  main 

and  auxiliary  engines  must  be  conveyed  directly  to  the  boilers,  and  in 

consequence  the  steam  whistle  and  steam  siren  are  to  be  replaced  by 

pneumatic  signals.     There  will  be,  however,  a  reserve  steam  whistle. 

One  group  of  boilers  is  to  be  of  six  Belleville  and  six  Niclausse;  the 

other  group,  two  Shulz-Thornvcroft  and  three  Yarrow  small  tube. 

The  total  heating  surface  of  all  boilers  is  :>4..w>n»>  square  feet  She  i- 
to  have  a  speed  of  18  knots  under  normal  draft.  Government  goods 

are  to  be  transported,  for  which  the  ship  has  four  cargo  rooms  of 

180,000  cubic  feet  and  can  carry  4,000  tons  of  cargo.  The  coal  bunker 

capacity  is  for  1. <;<><>  tons.  There  are  eight  steam  winches  with  cranes 
and  two  Temperly  transporters. 

There  are  quarters  for  25  officers  and  Too  men.  a  roomy  machine 

shop,  two  bathrooms,  steam  galley,  bakery,  and  refrigerating  room. 

There  are  11  boats,  twTo  with  steam  and  five  with  other  mechanical 
motors. 

KAMCHATKA. 

This  seagoing  Government  collier  is  building  at  the  New  Admiralty 
Works,  St.  Petersburg.  She  will  be  of  7,200  tons  and  have  a  draft  of 
22  feet. 

There  are  to  be  two  triple-expansion  engines,  which  are  to  work 
with  a  pressure  of  L50  pounds  and  give  L25  revolutions  per  minute. 

They  are  to  develop  not  less  than  2,800  I.  H.  P.  The  dimensions  of 

the  cylinders  are:  High  pressure.  20.08  inches;  intermediate  pressure, 

31.89  inches;  low  pressure,  50  inches;  and  piston  stroke,  38.07  inches. 

The  propellers  are  to  be  made  of  manganese  bronze,  and  to  have  a 

diameter  of  L3  feet  *;  inches,  with  a  mean  pitch  o\'  \'2  feet. 
The  boilers  are  of  the  Belleville  type  and   are   being  constructed  at 
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the  Franco- Russian  Works.  They  must  not  consume  more  than  2.r> 
pounds  of  coal  to  the  I.  H.  P.  per  hour  developed  by  the  engines,  the 
working  pressure  in  the  boilers  being  240  pounds  per  square  inch,  and 
the  heating  surface  9,388  square  feet. 

Condensers:  Cooling  surface,  4,200  square  feet;  auxiliary  condensers 
of  700  square  feet  each  will  be  supplied. 

There  are  two  evaporators,  with  a  capacity  of  30  tons  of  water  for 
use  in  the  boilers;  and  a  special  apparatus  for  making  drinking  water, 
with  a  capacity  of  10  tons,  will  be  provided. 

KEFAL  AND  LOSOS. 

These  torpedo-boat  destroyers  of  the  Forel  group  of  five,  building 
in  France,  have  been  launched  at  Toulon,  the  Kefal  November  28, 
1901,  and  the  Losos  March  12, 1902.  A  description  of  these  destroyers 
is  given  on  page  100,  General  Information  Series  No.  XX. 

BAKLAN. 

It  is  reported  that  this  torpedo-boat  destroyer,  of  240  tons,  which  is 
described  on  page  99,  General  Information  Series  No.  XX,  was  shipped 
as  freight  to  the  east  Asiatic  coast  and  launched  at  Port  Arthur  on 
August  12,  1901. 

AKULA,  BUICHOK,  MAKBEL,  AND  NALIM. 

These  torpedo-boat  destroyers,  of  350  tons  displacement,  have  been 
launched  at  the  Newski  Works,  St.  Petersburg,  the  Akula  and  Buichoh 
August  24, 1901,  and  the  Mafarel  and  JVdUm  October  12, 1901.  They 
are  designed  for  26  knots,  with  4,200  I.  H.  P. 

SUBMARINE  BOAT. 

The  Russian  submarine  boat  that  is  being  constructed  on  the  plans 
of  Engineer  Kuteinikoff  and  Lieutenant  Kplbasieff  differs  from  all 
existing  types.  It  consists  of  nine  sections  which  are  connected 
together  by  bolts,  and  are  capable  of  being  taken  to  pieces.  The 

Length  is  50  feet,  the  breadth  4  feet,  and  the  boat  will  have  a  displace- 
ment of  20  tons.  The  three  middle  sections  will  contain  the  machinery. 

There  will  be  six  screws  actuated  by  electricity,  and  accumulators  on 
the  Bari  system  will  be  placed  in  the  three  forward  and  the  three 
after  sections.  These  same  sections  will  be  capable  of  being  tilled 

with  water  for  the  purpose  of  sinking  the  boat.  The  first  and  ninth 
sections  will  have  fixed  wing-like  appendages  (o  give  direction  to  the 
boat.      The  armament  will  consist  of  two  torpedoes  placed  tore  and  aft 
lor  the  length  of  three  sections.    The  torpedoes  will  also  he  control] 
able  from  the  boat.     All  sections  are  now  finished.     Three  have  been 

launched  and  under  high-pressure  tests  have  given  excellent  result 
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SPAIN. 

ESTREMADIKA. 

The  armament  for  this  cruiser  of  2,030  tons  displacement  is  to  be 

furnished  by  Vickers,  Sons  &  Maxim,  and  will  consist  of  eight  4-inch 
R.  F.  guns  of  50  calibers  length,  four  2.2  R.  F.  guns,  two  37-milli- 

meter, two  Maxim  machine  guns,  and  two  3-inch  boat  guns. 



Section  III. 

STEAM  TRIALS. 

ENGLAND. 

RUSSELL. 

The  first-class  battleship  Russell  returned  to  the  Nore  on  April  19, 

1902,  on  the  completion  of  a  thirty  hours'  coal-consumption  trial  at 
one-fifth  power.  The  results  were  as  follows:  Draft  of  water,  forward, 
26  feet,  aft,  27  feet  3  inches;  steam  in  boilers,  211  pounds;  revolutions 

per  minute,  starboard,  74.8,  port,  74.5;  vacuum  in  condensers,  star- 
board, 27,  port,  27.3;  mean  I.  H.  P.,  high,  starboard  653,  port  755; 

intermediate,  starboard  579,  port  549;  forward,  low,  starboard  298, 
port  354;  aft,  low,  starboard  295,  port  285;  total,  starboard  1,825, 

port  1,943;  grand  total,  3,768.  Speed,  12.1  knots.  The  coal  con- 
sumption was  2.4  pounds  per  I.  H.  P.  per  hour. 

On  April  22  she  returned  to  the  Nore  after  running  a  thirty  hours' 
steam  trial  with  her  engines  working  at  13,500  horsepower,  which  is 

three-fourths  her  full  power.  The  results  of  the  trial  were  satisfactory, 
the  speed  being  18  knots,  with  a  coal  consumption  of  2.14  pounds  per 
I.  H.  P.  per  hour. 

The  results  of  her  eight  hours'  full-power  trial  were  as  follows:  Steam 
pressure  in  boilers,  294  pounds;  vacuum,  starboard  engine  25  inches, 
port  engine  25.2  inches;  revolutions,  starboard  engine  123.3,  port 
engine  123.5;  I.  H.  P.,  starboard  engine,  9,033,  port  engine,  9,196; 
total  I.  H.  P.,  is. 229;  coal  consumption  per  horsepower  per  hour, 
2.09  pounds;  speed,  19.3  knots. 

LONDON. 

The  first-class  battleship  London  returned  to  Spithead  on  January 

15,  L902,  after  a  thirty  hours*  coal-consumption  trial  at  one-fifth  her 
power.     She  drew  ̂ <;  feet  3  inches  forward  and  27  feet  aft.  and  bad  a 

Steam  pressure  of   248   pounds   in    her   boilers.      The  vacuum  was  '2lJ\ 
inches  starboard  and  -il.w  inches  port,  and  the  revolutions  were  65.68 
starboard  and  65.26  port,  the  1.  II.  1\  being  3,237,  and  the  speed  1 1 A 

knots.  The  coal  consumption  was  l.si  pounds  per  I.  II.  I*-  per  hour. 
She  left  on  tin*  17th  for  a  thirty  hours'  trial,  winch,  however,  had  to 

be  abandoned',  as  the  bearings  became  overheated. 
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On  February  3  she  left  Portsmouth  for  her  thirty  hours*  trial  at  four- 
fifths  power.  She  returned  the  next  day  at  the  end  of  a  twenty-six 

hours'  run,  the  trial,  which  was  satisfactory,  having  to  be  curtailed  on 
account  of  thick  weather.  The  vessel  drew  26  feet  3  inches  forward 

and  27  feet  3  inches  aft,  and,  with  262  pounds  of  steam  in  her  boilers, 

the  revolutions  were  101.4  starboard  and  100.7  port,  producing  a  mean 

I.  H.  P.  of  11,718  and  a  speed  of  16.4  knots.  The  coal  consumption 

was  1.8  pounds  per  unit  of  horsepower  per  hour. 

The  London  completed  her  eight  hours'  full-power  trial  on  February 
8.  The  engines  and  Belleville  boilers  worked  most  satisfactorily.  She 

averaged  15.264  horsepower,  which  gave  her  a  speed  of  18  knots  on  a 

coal  consumption  of  1.97  pounds  per  horsepower  per  hour. 

VENERABLE. 

This  first-class  battleship  returned  to  Chatham  May  29, 1902,  on  the 
conclusion  of  her  machinery  trials,  which  were  satisfactorily  completed 

in  the  short  period  of  eight  days.  This  time  would  have  been  short- 
ened had  it  not  been  for  a  slight  mishap  to  the  machinery  just  before 

the  eight  hours'  full-poAver  trial  was  to  be  started,  which  caused  one 

day's  delay.  The  vessel  left  Chatham  on  May  20,  and  had  a  prelimi- 
nary trial  on  the  following  day.  On  May  22  she  left  the  Nore  for  a 

thirty  hours'  coal-consumption  trial  at  one-fifth  power  (3,000  I.  H.  P). 
The  draft  of  water  was  26  feet  7  inches  forward  and  27  feet  1  inch  aft. 

With  a  steam  pressure  in  the  boilers  of  225  pounds  per  square  inch,  and 

the  engines  working  at  65.3  revolutions  starboard  and  66.7  revolutions 

port,  a  speed  of  11.45  knots  was  maintained.  The  vacuum  in  the  con- 
densers was  27.5  inches  starboard  and  27.1  inches  port.  The  mean 

I.  H.  P.  was  1,472  starboard  and  1,610  port,  giving  a  total  of  3,082.  The 

coal  consumption  was  2.01  pounds  per  I.  H.  P.  per  hour.  The  second 

thirty  hours'  coal-consumption  trial  wTas  at  four-fifths  power  (11,500 
1.  H.  P.)  and  took  place  on  May  24  and  25.  The  draft  of  water  was 

26  feet  3  inches  forward  and  27  feet  1  inch  aft.  The  steam  pressure 

was  26  pounds  per  square  inch  and  the  revolutions  101.1  starboard  and 

102.5  port,  while  the  vacuum  in  the  condensers  was  27.7  starboard  and 

27.5  port.  The  speed  by  log  was  16.8  knots.  The  starboard  engine 

developed  5.590  I.  H.  P.  and  the  port  engine  5,774.  a  total  of  11.364. 
The  coal  consumption  was  1.95  pounds  perl.  H.  P.  per  hour.  The 

details  of  the  eight  hours'  full-power  trial  are  as  follows: 
Draft  of  water,  forward.  26  feet  4  inches,  aft.  27  feet  1  inch:  speed 

of  ship.  IS. 3  knots;  steam  pressure  in  boilers,  294  pounds  per  square 

inch;  air  pressure  in  fire-rooms.  0.1  inch;  vacuum  in  condensers,  star- 
board 26.8  inches,  port  27  inches;  revolutions,  starboard  111.1.  port 

112.4;  mean  I.  H.  P..  starboard  7,600,  port  7,745,  total,  15,345.  The 

coal  consumption  was  2.145  pounds  per  1.  H.  P.  per  hour. 
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EXMOUTH. 

This  first-class  battleship  completed  her  trials  at  Plymouth  on  June 

18,  1902.  The  results  of  the  thirty  hours'  trial  at  four-fifths  power 
were: 

Speed,  18  knots  per  hour;  vacuum  in  condensers,  27.6  starboard 
and  27  port;  revolutions  per  minute,  113.2  starboard  and  112.8  port; 
horsepower,  6,934  starboard  and  6,840  port;  total  horsepower, 
13,774;  consumption  of  coal  per  1.  H.  P.  per  hour,  1.95  pounds;  total 
consumption,  806,648  pounds. 

At  the  eight  hours'  full-power  trial  the  mean  results  were:  Vacuum, 
26.8;  revolutions,  126.6;  I.  H.  P.,  18,346;  speed,  19.05  knots;  con- 

sumption of  coal  per  I.  H.  P.  per  hour,  2.13  pounds. 

BACCHANTE. 

The  first-class  armored  cruiser  Bacchante  left  Chatham  November 

25,  1901,  and,  after  a  preliminaiy  trial,  started,  on  the  26th,  on  a 

thirty  hours'  coal  consumption  trial  at  4,500  I.  H.  P.  The  details  are 
as  follows:  Draft  of  water  forward  26  feet  4  inches,  aft  26  feet  10 
inches;  speed  of  ship,  13.6  knots,  by  log;  steam  pressure  in  boilers, 
213  pounds  per  square  inch;  vacuum  in  condensers  starboard  27,  port 
27;  revolutions  per  minute,  starboard  75,  port  75.4;  mean  I.  H.  P., 
starboard  2,335,  port  2,289,  grand  total  4,624.  The  consumption  of 
coal  was  250,345  pounds,  which  works  out  1.8  pounds  per  I.  H.  P.  per 
hour.  The  second  and  more  important  trial  commenced  on  the  29th, 

when  the  ship  left  the  Nore  for  a  thirty  hours'  test  at  16,000  I.  H.  P. 
The  weather  was  moderately  good,  but,  after  running  for  twenty-nine 
and  three-quarters  hours,  the  vessel  ran  into  a  thick  bank  of  fog,  and 
it  was  decided  to  stop  the  trial,  the  results  being  taken  for  twenty - 
nine  hours.  These  were  as  follows:  Draft  of  water  forward  25  feet  9 

inches,  aft  26  feet  9  inches;  speed  of  ship,  20.6  knots;  steam  pressure 

in  boilers,  256  pounds  per  square  inch;  vacuum  in  condensers,  star- 
board 26.7,  port  27.5;  revolutions  per  minute,  starboard  112.2,  port 

113.2;  total  I.  H.  P.  16,445.  The  coal  consumption  was  837,168 
pounds,  which  represents  1.75  pounds  per  I.  H.  P.  per  hour.  The 
trials  were  considered  satisfactory  in  every  respect. 

The  first  full  power  trial,  21,000  I.  H.  P.,  did  not  succeed,  owing  to 
heated  hearings,  and  the  vessel  had  to  return  to  Sheerness  to  coal  and 

remedy  defects.  8he  left  on  December  <J  for  a  preliminary  trial, 
which  was  of  a  satisfactory  character,  and  before  anchoring  for  the 
night  she  carried  out  anchor  trials.  Starting  on  December  7,  the 

machinery  was  found  to  be  working  well,  and  the  eight  hours' full 
power  trial  was  commenced.  Throughout  the  vessel  behaved  admi 
raid  v.  while  the  machinery  worked  smoothly, and  there  was  an  absence 
of  priming.    The  results  were  as  follows:  Draft  of  water  forward 



42 

25  feet  9  inches,  aft  26  feet  9  inches;  speed  of  ship,  21.7  knots;  steam 
pressure  in  boilers,  285  pounds  per  square  inch;  vacuum  in  condensers. 
starboard  26.5,  port  26.5;  revolutions  per  minute,  starboard  119.5. 
port  120.4;  mean  I.  H.  P.,  starboard  10,812,  port  10,708;  grand  total 
21,520.  The  coal  consumption  was  292,800  pounds,  which  represents 
1.7  pounds  per  I.  H.  P.  per  hour,  as  against  1.75  pounds  at  16,000 
I.  H.  P. 

HOGUE. 

The  first-class  armored  cruiser  Hague  left  Plymouth  on  December 

10  for  a  thirty  hours'  steam  trial  in  the  Channel  at  a  mean  I.  H.  P.  of 
4,500.  With  engines  developing  4,738  horsepower,  the  mean  indi- 

cated speed  was  13  knots  per  hour  and  the  coal  consumption  was  2.09 
pounds  per  hour  per  I.  H.  P.  The  steam  at  engines  was  179  pounds; 

the  revolutions  were — starboard  74.6,  port  74.8. 

On  December  13  she  left  Plymouth  for  her  thirty  hours'  contract- 
ors' steam  trial  at  four-fifths  power,  which  was  attended  with  most 

satisfactory  results  in  spite  of  rough  weather  encountered.  A  total 
horsepower  of  16,456  was  maintained,  producing  an  average  speed  of 
20.15  knots.  The  mean  results  were:  Steam  in  engines,  starboard 
220  pounds,  port  226  pounds;  vacuum,  starboard  25.6  inches,  port 
25.5  inches;  revolutions,  starboard  113.1,  port  111.6;  pressure  in 
cylinders,  high,  starboard  102.5,  port  104.3;  intermediate,  starboard 
34.7,  port  34.8;  low  (forward),  starboard  13.3,  port,  13.8;  low  (aft). 
starboard  13.5,  port  15.3;  I.  H.  P.,  starboard  8,139.  port  8,137.  The 
coal  consumption  per  I.  H.  P.  per  hour  was  2.05  pounds. 

She  returned  to  Plymouth  on  December  17  for  her  full  power  trial, 
which  was  highly  successful.  With  i\\\  I.  H.  P.  of  22,065,  she  attained 

a  mean  speed  of  22  knots.  The  coal  consumption  was  2.5  pounds  per 
I.  H.  P.  per  hour. 

BEDFORD. 

The  first-class  armored  cruiser  Bedford  completed  her  trials  at 
Plymouth  on  June  20,  1902.  Atone-iifth  full  power  the  mean  results 
for  thirty  hours  were: 

Steam  at  engines,  238  pounds;  in  boilers,  255  pounds:  vacuum, 
starboard  26.8  inches,  port  26.3  inches;  revolutions,  starboard  85, 
port  84;  I.  H.  P.,  starboard  2,250,  port  2.272  (total.  4,522);  speed, 
14.92  knots.  The  coal  consumption  was  1.91  pounds  per  I.  H.  P.  per 
hour. 

At  four-fifths  full  power  the  mean  results  were:  Steam  in  boilers, 
246  pounds;  at  engines.  i>22  pounds;  vacuum,  starboard  25.6  inches, 
port  25.7  inches;  revolutions,  starboard  128.6,  port  127.1:  I.  II.  P., 
starboard  7,952,  port  8,053  (total.  L6,005);  air  pressure,  0.26  of  an 
inch;  speed,  21.2  knots.  On  this  trial  the  Bedford  consumed  coal  at 
the  rate  of  1.97  pounds  per  I.  H.  P.  per  hour. 
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The  last  of  the  series  was  an  eight  hours'  trial  at  full  power;  and 
although  the  engines  worked  splendidly  throughout,  the  estimated 
speed  of  23  knots  was  not  maintained,  the  mean  speed  recorded  being 
22.7  knots.  This  result  was  all  the  more  disappointing  because  the 
engines  were  driven  at  considerably  above  the  power  that  was  calcu- 

lated as  their  maximum  when  designed,  viz,  22,000.  The  mean  results 
of  the  trial  were:  Steam  in  boilers,  285  pounds;  at  engines,  228  pounds; 
air  pressure  in  fire  rooms,  0.32  of  an  inch;  vacuum,  starboard  26 
inches,  port  25.5  inches;  revolutions,  starboard  149.2,  port  101;  I.  H.  P., 
starboard  11,286,  port  11,171  (total,  22,457).  The  coal  consumed  was 
at  the  rate  of  2.12  pounds  per  I.  H.  P.  per  hour. 

GOOD  HOPE. 

The  first-class  armored  cruiser  Good  Hope  began  her  trials  Febru- 

ary 18,  1902.  The  first,  at  one-fifth  full  power,  was  of  thirty  hours' 
duration,  and  was  to  determine  the  radius  of  action  for  the  coal  supply 

carried — 2,590  tons — and  as  on  this  trial  the  rate  of  coal  consumption 

was  1.87  pounds  per  I.  H.  P.  per  hour,  the  ship  may  steam  at  14  knots' 
speed  for  7,000  nautical  miles.  On  the  second  trial,  also  of  thirt}^ 

hours'  duration,  the  test  was  very  severe.  No  warship  has  ever 
steamed  for  so  long  a  time  at  this  power — -22,703  I.  H.  P. ;  but  every- 
thing  went  splendidly,  and  the  coal  consumption  as  shown  in  the  table, 
worked  out  to  1.83  pounds  per  I.  H.  P.  per  hour.  At  this  power  four 

runs  were  made  over  the  deep-sea  course  between  Rame  Head  and 
Dodman  Point,  when  it  was  found  that  the  mean  speed  was  22.09 
knots,  and  this  agreed  with  the  observations  of  Captain  Wilson,  who 
was  in  command  during  the  whole  run,  when  the  vessel  went  60  miles 
west  of  the  Scilly  Isles. 

On  the  eight  hours'  full  power  run  the  power  developed  was  31,071 
1.  II.  P.,  which  is  equal  to  12.23  I.  H.  P.  per  ton  of  all  machinery  and 
47.0  I.  H.  P.  per  ton  of  boilers,  results  far  in  excess  of  those  realized 

in  ships  with  cylindrical  boilers,  while  in  Atlantic  liners  of  corre- 
sponding speed  the  power  per  unit  of  weight  of  all  machinery  is  only 

6  I.  II.  P.  per  ton.  The  speed  on  this  trial  was  23.05  knots.  This  is 

the  mean  of  mean  result  of  five  runs  over  the  deep-sea  course  in  a  heavy 
swell,  which  was  not  conducive  to  high  steaming.  The  power  and  speed 
anticipated  was  30,000  J.  II.  P.  and  23  knots.  The  coal  consumption 

on  this  run  was  L.92  pounds  per  I.  II.  V.  per  hour,  and  it  should  he 
noticed  thai  all  the  water  lost  throughout  all  the  trials  was  made  in 

evaporators  run  by  the  exhaust  steam  from  the  75  auxiliary  engines 
on  hoard  the  ship,  thus  effecting  a  great  economy. 
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Duration      hours. . 

Steam  pressure  in  boilers   pounds. . 
Vacuum: 

Starboard  engine   inches. . 

Port  engine   do   
Revolutions: 

Starboard  engine   

Port  engine   

Indicated  horsepower: 

Starboard  engine   

Port  engine   

Indicated  horsepower,  collective   

Coal  consumption   pounds. . 

Speed  of  vessel   knots. 

First 
trial. 

Second trial. 

80 
239  1 

25.5 

26.6 

70.8 

71.4 

3,069 
2,985 

6, 054 
1.87 

14.5 

30 

268 

26.  5 

27.  25 

109 

110.7 

11,325 

11,378 

Third 

trial. 

8 

278 

26.5 
27 

123.9 

126.1 

15,361 

15, 710 
22, 703 

1.83 
22.09 

31,071 1.92 

23.05 

Immediately  after  the  contract  trials  there  was  a  series  of  long-dis- 
tance runs  at  progressive  speeds,  the  deep-sea  course  of  22  knots  west 

of  Plymouth  Sound  being  traversed  three  times  at  about  18  knots  and 
three  times  at  about  20  knots.  On  the  first  of  these  sets  the  mean  of 

mean  speed  was  18.10  knots,  with  the  engines  indicating  12,108 1.  H.  P., 

and  on  the  second  the  result  was  20.58  knots  for  16,960  I.  H0  P.  Hav- 
ing completed  these  runs,  the  vessel  headed  up  the  channel  for  Spit- 

head,  as  the  subsequent  speed  trials  at  low  powers  were  to  be  made 
over  the  measured  mile  at  Stokes  Bay,  and  although  it  was  a  dark 

night  with  a  driving  southwest  rain  storm  and  b}^  no  means  a  smooth 
sea,  a  record  trip  for  a  warship  was  made,  the  time  from  outside  Ply- 

mouth Breakwater  to  the  Warner  Lightship  being  slightly  over  six 
hours,  giving  a  mean  speed  of  nearly  20  knots.  On  the  following 

day  the  Good  Hope  made  four  runs  at  15  knots,  13  knots,  and  10  knots' 
speed  at  Stokes  Bay.  It  was  found  that  2,689  I.  H.  P.  gave  10.6  knots, 

5,096  I.  H.  P.  resulted  in  a  mean  of  mean  speed  of  13.63  knots  being 

attained,  while  on  the  next  series  the  average  power  was  7.(.C>3  I.  H.  P. 
and  the  speed  15.91  knots.  There  was  also  a  very  severe  test  of  the 

steering  machinery,  which,  with  the  anchor  and  capstan  gear,  was  sup- 
plied by  Messrs.  Napier  Brothers,  of  Glasgow.  The  ship  was  driven 

astern  at  18  knots  while  the  helm  was  kept  at  various  degrees  up  to 
hard  over,  and  the  result  was  very  satisfactory,  the  steering  mechan- 

ism standing  the  test  well.  The  ship  returned  to  Portsmouth  Harbor, 
the  long  series  of  trials  occupying  only  about  ten  days,  including  a 
Sunday  and  a  day  of  fog. 

LEVIATHAN. 

The  armored  cruiser  Leviathan,  built,  armored,  and  engined  by 
Messrs.  John  Brown  &  Co.,  has  had  her  steam  trials  which  have  been 

successful.  On  May  13  and  14,  1902,  she  ran  her  thirty-hours'  trial 
at  one-fifth  her  power,  when  she  chew  26  feel  1   inch  forward  and  26 
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feet  6  inches  aft,  and  she  had  a  steam  pressure  of  200  pounds  to  the 
square  inch  in  her  boilers.  The  vacuum  was  26  inches  starboard  and 
25  inches  port,  and  the  revolutions  70.6  starboard  and  TO. 9  port.  The 
collective  I.  H.  P.  was  6,372,  being  3,182  starboard  and  3,190  port; 
the  speed  was  15.238,  which  was  the  mean  of  four  runs  over  the  meas- 

ured mile,  and  the  coal  consumption  was  1.76  pounds  per  unit  of 
power  per  hour.  She  left  Spithead  on  May  15  for  her  two  more 
important  trials,  which  were  mainly  carried  out  on  the  Cornish 

measured  distance.  At  her  four-fifths  power  trial  she  drew  26  feet 
2i  inches  forward  and  26  feet  3  inches  aft,  and  had  245  pounds  of 
steam  in  her  boilers,  with  an  even  vacuum  of  26  inches  on  both  sides. 
The  revolutions  were  107.3  starboard  and  107  port,  and  the  collective 
I.  H.  P.  22,882,  being  11,584  starboard  and  11,298  port.  There  was 

no  air  pressure,  and  the  speed  was  21.96  knots  with  a  coal  consump- 
tion of  1.75  pounds  per  unit  of  power  per  hour.  On  May  19  she  left 

Plymouth  for  her  eight  hours'  full-power  trial,  when  she  drew  26  feet 
2  inches  forward  and  26  feet  2i  inches  aft,  and  had  280  pounds  of 
steam  in  her  boilers,  the  vacuum  being  25.6  inches  starboard  and  25.5 
inches  port.  The  revolutions  were  121.2  and  120.8,  respectively, 

obtained  by  31,203  I.  H.  P.— 15,829  starboard  and  15,374  port.  The 
mean  air  pressure  was  0.35  inches,  and  the  speed  23.23  knots  with  a 
coal  consumption  of  1.94  pounds  per  unit  of  power  per  hour. 

DKAKE. 

At  her  eight  hours5  full-power  trial  in  June,  1902,  the  first-class 
armored  cruiser  Drake  made  four  runs  over  the  deep-sea  course  off 
Portsmouth  with  the  following  results:  Draft,  forward  and  aft,  26^ 
feet;  steam  pressure  in  boilers,  292  pounds;  vacuum,  starboard,  26.25 
inches,  port,  26.5  inches;  revolutions,  116  starboard  and  port;  total 
collective  I.  H.  P.,  30,849;  mean  speed,  23.05  knots;  coal  consumption 
per  I.  H.  P.  per  hour,  1.83  pounds.  The  Drake  and  the  Good  Hope 

made  the  same  speed  at  their  full-power  trials. 

S  PART  I  ATE. 

The  first-class  protected  cruiser  Spartiate,  which  has  made  several 
ineffectual  efforts  to  go  through  her  speed  trials,  was  examined  by  the 
Portsmouth  Dockyard  officials,  and  the  whole  of  her  condenser  tubes, 
numbering  10,500,  condemned.  As  they  will  all  have  to  be  removed, 
and  new  tubes  substituted,  several  months  will  elapse  before  the  ship 
can  resume  her  trials.  At  the  last  run  so  many  tubes  broke  righl 
across  when  the  ship  whs  running  at  full  power  that,  it  was  considered 
dangerous  to  continue  the  trial. 

ESPIEtiLK. 

The  Enpiegl(\  sloop,  buiH  :it  Sheemess  Dockyard,  completed  beroffi 
rial  steam  trials  in  August,  L901,  the  results  being  aa  follow-:  Thirty 
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hours5  trial  at  three-fourteenths  full  power:  Pressure  of  steam  in 
boilers,  204.9  pounds;  pressure  of  steam  at  engines,  202.2  pounds: 

vacuum,  starboard,  26.48  inches;  port,  26.04  inches;  revolutions,  star- 
board, 124.8;  port,  126.3;  I.  H.  P.,  starboard,  175.7;  port,  162;  total 

I.  H.  P.,  337.7;  speed,  10  knots;  coal  consumption,  1.53  pounds  per 

I.  H.  P.  per  hour.  Trial  at  five-sevenths  full  power:  Pressure  of  steam 
in  boilers,  211.6  pounds;  pressure  of  steam  at  engines,  197.4  pounds: 

vacuum,  starboard,  26.4  inches;  port,  26.4  inches;  revolutions,  star- 
board, 178.7;  port,  179.3;  I.  H.  P.,  starboard,  515.7;  port,  515.2: 

total  1.  H.  P.,  1,030.9;  speed,  13.5  knots:  coal  consumption.  1.55 

pounds  per  1.  H.  P.  per  hour.  Eight  hours'  full-power  trial:  Pressure 
of  steam  in  boilers,  213.1  pounds;  pressure  of  steam  at  engines,  198.9 

pounds;  vacuum,  starboard,  26.72  inches;  port,  26.84  inches;  revolu- 
tions, starboard,  197.6;  port,  200.6;  I.  H.  P..  starboard,  720.2:  port, 

704.8;  total  I.  H.  P.,  1,425,  speed,  13.5  knots;  coal  consumption.  1.69 
pounds  per  I.  H.  P.  per  hour. 

Her  commissioned  steam  trial  was  successful.  The  following  are 
the  details:  Pressure  of  steam  in  boilers.  223.3  pounds;  pressure  of 
steam  at  engines,  215  pounds;  vacuum,  starboard.  27.2  inches;  port, 

26  inches;  revolutions,  starboard,  198.6;  port,  199.2;  I.  H.  P..  star- 
board, high  208,  intermediate  270,  low  238;  port,  high  2<>4.  interme- 

diate 253,  low  233;  total  I.  H.  P.,  1,406;  speed,  12.3  knots.  The 

Espiegle  will  complete  preparations  for  her  departure  for  China. 

FAMOME. 

The  sloop  Fantome  successfully  completed  her  thirty  hours*  steam 
trial  at  three-fourteenths  her  full  horsepower.  With  a  mean  pressure 
of  180  pounds  of  steam  in  her  boilers  and  her  engines  working  126 
revolutions  per  minute,  a  mean  of  339  horsepower  was  indicated,  with 
a  speed  of  9J  knots  per  hour.  The  coal  consumption  averaged  1.71 
pounds  per  I.  H.  P.  per  hour.  At  the  conclusion  of  the  trial  the 

machinery  of  the  Fantomt  was  worked  for  an  hour  at  1,000  horse- 

power with  satisfactory  results.  The  Fa/nfamu.  left  Sheerness  on  Jan- 

uary 10  for  a  thirty  hours'  run  at  1,000  horsepower. 
The  particulars  of  the  thirty  hours'  steam  trial  at  five-sevenths  her  full 

horsepower  are  as  follows:  Pressure  of  steam  in  boilers,  216  p  >unds; 

pressure  of  steam  at  engines,  209  pounds;  vacuum — starboan  -_'7.7 
inches,  port  27.2;  revolutions — starboard  178.9, port  L75.6;  I.  II.  I\  - 
starboard,  high  158,  intermediate  170,  low  183:  port,  high  165,  inter- 

mediate 167,  low  177;  total  I.  H.  P.,  1,020;  speed.  12.5  knots;  coal 
consumption,  1.54  pounds  per  I.  H.  P.  per  hour. 

Particulars  of  her  eight  hours'  full-power  trial,  which  proved  suc- 
cessful, are  as  follows:  Pressure  of  steam  in  boilers,  218  pounds;  pres- 

sure of  steam  at  engines,  203  pounds;  vacuum  starboard  27.6  inches, 

port  26.6  inches;  revolutions— starboard  200.', »,  port  198.8;   I.  11.  P.— 
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starboard,  high  219,  intermediate  244,  low  267;  port,  high  230,  inter- 
mediate 238,  low  255;  total  I.  H.  P.,  1,453;  speed,  13.63  knots;  coal 

consumption,  1.54  pounds  per  I.  H.  P.  per  hour. 

R1NALDO. 

The  sloop  Rinaldo  had  her  commissioned  steam  trial  on  December 

19,  1901,  at  which  her  machinery  and  Belleville  boilers  worked  very 
satisfactorily.  With  a  mean  pressure  of  234  pounds  of  steam  in  the 
boilers,  and  engines  working  at  199.2  revolutions  per  minute,  an 
average  of  1,424  I.  H.  P.  and  a  speed  of  13.4  knots  per  hour  were 
obtained. 

TEAL. 

The  shallow-draft  gunboat  Teal  was  launched  with  steam  up  May 
18,  1901,  and  five  days  later  had  her  official  trials.  After  six  runs  over 

the  measured  mile  a  three  hours'  trial  was  proceeded  with,  during 
which  a  mean  speed  of  13  knots  was  maintained  with  282.6  revolutions. 
During  one  hour  of  this  trial  wood  fuel  only  was  used. 

MOORHEN. 

The  shallow-draft  gunboat  Moorhen,  built  b}^  Yarrow,  had  a  three 

hours'  trial  on  August  21,  1901,  and  easily  attained  the  speed  of 
13  knots  without  forcing  the  draft. 

RACEHORSE. 

The  torpedo-boat  destroyer  Racehorse,  which  was  built  and  engined 
by  Messrs.  Hawthorne,  Leslie  &  Co.,  of  Newcastle-on-Tyne,  completed 
her  steam  trials  on  December  17, 1901,  and  returned  to  Chatham  to  be 

prepared  for  service.  The  three  hours'  full-speed  trial  proved  very 
successful,  a  speed  of  30.354  knots  being  obtained  during  six  runs  on 
the  measured  mile,  while  the  average  for  the  three  hours  was  30.345 
knots. 

EXPRESS. 

The  steam  trials  of  the  destroyer  Express,  after  having  been  several 
times  postponed  on  account  of  bad  weather,  were  concluded  on  the 
Clyde  during  the  week  ending  November  16,  1901.  The  results  were 

very  satisfactory,  a  mean  speed  of  30.10  being  recorded  for  a  lour 

hours'  run  at  full  power. 
G RE (HOUND. 

'Hie  torpedo-boat  destroyer  Greyhound,  built  by  Messrs.  Hawthorne, 
Leslie  &  Co.,  underwent  a  successful   three  hours'  official  coal-con 
Humption  trial  al  full  power  on  September  7,  L901.     During  six   runs 

on  the  measured  mile  an  average  speed  of  •"«».  k.i  knots  was  obtained, 
while  tin-  average  tor  tin-  lull  time  was  80.  L57  Knots.     Tin-  machinery 
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worked  smoothly.  The  steam  pressure  in  the  boilers  was  244  pounds 
per  square  inch,  while  the  revolutions  were  398  per  minute.  The 
I.  H.  P.  was  6,141,  and  a  speed  of  30.337  knots  was  obtained. 

ROEBUCK. 

The  torpedo-boat  destroyer  Roebuck,  built  and  engined  by  Messrs. 
Hawthorne,  Leslie  &  Co.,  of  Newcastle-on-Tyne,  left  Chatham  on 

September  27,  1901,  for  her  three  hours'  official  coal -consumption 
trial.  Excellent  results  were  obtained.  During  six  runs  on  the  meas- 

ured mile  a  speed  of  30.436  knots  was  obtained,  one  mile  with  the  tide 
being  covered  in  1  minute  and  49  seconds.  The  average  speed  for  the 
three  hours  was  30.346  knots.  The  steam  pressure  in  the  boilers  was 
246  pounds  per  square  inch,  the  vacuum  in  the  condensers  being  22.6 
starboard  and  22.2  port.  The  I.  H.  P.  was  4,295  starboard  and  3,242 

port;  total,  6,357. 
SUCCESS. 

The  torpedo-boat  destroyer  Success,  built  and  engined  by  Messrs. 
Doxford  &  Sons,  Sunderland,  carried  out  on  February  28,  at  Ports- 

mouth, her  three-hours1  30-knot  full-power  trial.  She  had  254  pounds 
of  steam  in  her  boilers  and  a  mean  air  pressure  of  5.7  inches.  The 
I.  H.  P.  was  6,597,  and  the  mean  of  six  runs  over  the  measured  mile 
showed  a  speed  of  29.908  knots,  while  the  mean  speed  of  the  three 
hours  was  30.023  knots. 

SYKEN. 

The  Syren,  the  last  of  a  series  of  thirteen  30-knot  destroyers  sup- 

plied by  Palmer's  Shipbuilding  Company,  carried  out  her  full-power 
trial  at  Portsmouth  on  September  10. 1901.  The  first  boat  of  the  series 
was  the  Star,  which  had  a  serious  accident  on  her  first  trial,  but  since 
then  the  whole  of  the  boats  have  been  run  with  such  remarkable  suc- 

cess that  the  only  cause  of  abandonment  of  trial  has  been  bad  weather. 

At  the  full-power  trial  on  Tuesday  the  Syren  drew  5  feet  If  inches 
forward  and  9  feet  i  inch  aft.  She  had  245  pounds  of  steam  in  her 

boilers,  and  the  vacuum  was  25  inches  starboard  and  port.  The  revo- 
lutions were  382.9  starboard  and  380.2  port,  and  the  total  I.  H.  P.  was 

6,708.  The  air  pressure  was  3.6  inches,  and  the  mean  speed  of  the 
three  hours  was  exactly  30  knots.  During  the  early  part  of  the  trial 
the  vessel  made  six  runs  over  the  measured  mile  in  Stokes  Bay,  when 
the  mean  1.  H.  P.  was  6,689  and  the  speed  29.812. 

These  results  correspond  with  those  obtained  at  the  coal-consump- 
tion trial  on  September  5,  when  the  mean  speed  of  the  three  hours  was 

29.764  knots  and  the  1.  H.  P.  6,665.  Between  the  two  trials  the  coal 

was  weighed  and  the  consumption  was  found  to  be  2.4  pounds  per 
I.  H.  P.  per  hour.  The  speed  and  economical  results  do  not  appear  to 
compare  favorably  with  the  Syrt/Ss  predecessors,  built   by  the  same 
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firm,  but  it  should  be  explained  that  the  vessel  carried  40  tons  more 
load  than  the  Star,  the  first  of  the  series,  and  30  tons  more  than  the 
Myrmidon,  the  eleventh  of  the  list. 

An  interesting  feature  of  both  trials  of  the  Syren  was  the  use  of  the 
automatic  lubricator,  the  invention  of  Mr.  Reed,  who  is  the  patentee 

of  the  boiler  used  in  all  the  destroyers  built  by  the  Palmer's  Ship- 
building Company.  The  oil,  after  being  pumped  in  at  the  end  of  the 

shaft,  is  forced  through  all  the  rods  and  bearing:s,  and  after  returning 
to  the  reserroir  is  sent  on  its  course  again.  The  saving  of  the  manual 
labor  is  comparatively  unimportant,  but  the  certainty  that  every  part 
of  the  machinery  is  regularly  and  systematically  lubricated  has  been 
clearly  demonstrated,  and  hence  a  great  saving  of  wear  and  tear  may 
be  expected. 

NO.  107. 

Torpedo  boat  No.  107  passed  her  final  official  full  speed  trial  at  the 
mouth  of  the  Thames  on  September  23,  1901.  The  mean  speed  on  the 
measured  mile  was  25.401,  and  that  for  three  hours  25.206,  thel.  H.  P. 
being  2,899.  The  notable  features  of  the  trial  were  the  smoothness 

with  which  the  engines  worked,  the  low  air  pressure  in  the  fire-rooms 
(1.6  inches),  and  the  handiness  of  the  boat  in  turning.  The  diameter 
of  the  circles  at  full  speed  was  not  more  than  three  lengths  under 

starboard  helm  and  four  lengths  under  the  port  helm,  the  boat  remain- 

ing practically  upright.  The  trial  was  made  with  the  full  seagoing- 
load  of  42  tons  on  board,  which  is  much  in  excess  of  the  35  tons  car- 

ried on  the  trials  of  30-knot  torpedo-boat  destroyers  of  twice  the  dis- 
placement. The  strength  and  stiffness  of  the  hull  were  clearly  shown 

by  the  remarkable  absence  of  vibration.  This  is  the  third  of  four 

similar  vessels  building  for  the  Admiralty  by  Messrs.  John  1.  Thorny- 
croft  &Co.,  Limited,  of  Chiswick. 

NO.  108. 

The  new  torpedo  boat  No.  108  went  into  the  Channel  on  October  18, 

1901,  to  carry  out  her  three  hours'  full-power  trial.  After  an  hour's 
run  the  trial  was  abandoned,  the  vessel  having  failed  to  obtain  the 
required  speed. 

Later  she  successfully  passed  her  official  full-power  coal  trial  of 

illicit  hours' duration.  The  engines  developed  a  mean  of  2,8761.  II.  P., 
which  gave  ;t  speed  of  25.359  knots  with  885.5  revolutions  of  the  en- 

gines. Tic  air  pressure  was  2  inches  to  2.T>  inches.  The  coal  con- 
sumption was  2. 009  pounds  per  I.  II.  P.  per  hour.  This  is  said  to  he 

one  of  the  best  results  obtained   with  either  destroyers  or  torpedo 
boats.     The  boilers  are  of  the  latest  Thornvcroft  Sehulx  type,  in  which 
the  gases  enter  the  tubes  attached  to  the  lower  central  barrel,  and  then 

1800    02   -i 
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proceed  over  the  firebox  down  toward  the  wing  barrels,  thence  up 
the  funnel. 

On  November  18  she  had  a  three  hours'  full  speed  trial  in  the 
North  Sea.  Good  results  were  attained,  and  the  trial  proved  a  suc- 

cess. The  speed  on  the  measured  mile  was  25.446  knots,  while  the 
mean  speed  for  the  three  hours  was  25.332.  The  official  details  are. 
Draft  of  water,  forward  5  feet  3f  inches,  aft  8  feet  5i  inches; 
steam  pressure  in  boilers,  220  pounds  per  square  inch;  vacuum  in 
condensers,  24.7;  revolutions  per  minute,  385.5;  mean  pressure  in 

receivers,  high  247,  intermediate  84,  low  30;  mean  pressure  in  c}iin- 
ders,  high  84.8,  intermediate  30.4,  forward  low  20.9,  after  low  30.9; 
mean  I.  H.  P.,  high  1,028,  intermediate  723,  forward  low  516,  after 
low  516,  total,  2,783. 

SUBMARINE  BOAT  NO.  1. 

Submarine  boat  No.  1  was  put  through  an  important  series  of  trials 
in  Barrow  docks  during  April,  1902.  She  first  underwent  surface 
tests  with  the  view  of  ascertaining  the  results  attending  the  erection 
of  a  brass  conning  tower,  which  was  originally  composed  of  steel,  as 
well  as  a  new  steering  wheel,  now  fixed  to  the  boat  close  to  the  tower. 

which  can  be  worked  from  above  and  below  alike.  These  improve- 
ments, it  is  understood,  proved  highly  satisfactory.  This  was  the  first 

time  the  craft  had  been  entirely  under  water.  She  proceeded  at  a  slow 

pace  along  the  dock,  and  was  seen  to  sink  at  the  bow  and  then  sud- 
denly disappear  from  sight,  a  few  inches  of  the  periscope  only  being 

visible.  The  sinking  was  executed  in  the  space  of  a  few  seconds. 
There  were  five  persons  on  board  and  the  vessel  was  submerged  for 
over  two  hours,  the  crew  feeling  not  the  slightest  inconvenience.  This 

preliminary  test  gave  the  greatest  satisfaction,  the  boat  behaving 
admirably  at  a  depth  of  about  9  feet. 

A  noteworthy  feature  of  the  tests  was  her  excellent  diving  propen- 
sities, which  for  three  days  were  put  to  the  severest  trials.  In  this 

respect  it  is  intended  the  boat,  on  sighting  its  object  for  "destruction." 
shall  immediately  dive  down,  first  of  all  as  far  as  the  small  conning 
tower,  in  which  position  she  can  travel  if  necessary  for  a  distance  of 

400  miles.  When  within  suitable  range  say  about  2,800  yards — she 
goes  completely  below  the  surface,  a  lookout  being  kept  by  means  o( 
the  periscope,  which  reflects  down  into  the  boat  any  objects  ahead. 
when  she  is  under  to  the  depth  of  about  10  feet. 

It  was  expected  that  this  operation  could  be  accomplished  in  a  very 

short  time,  and  the  exhaustive  tests  of  No.  1  boat  have  shown  the  sur- 
mise to  be  quite  correct.  In  fact,  the  boat,  after  submerging  to  the 

tower,  suddenly  disappeared,  and  then  came  again  in  sight  some  yards 

distant  with  remarkable  rapidity,  tin1  diving  being  continued  at  inter 
vals,  for  several  hours  at  a  time,  without  any  perceptible  hi  ten. 

Seven  persons  were  on  board  the  submarine,  and  the  vessel  repeat- 
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edly  ran  the  length  of  the  dock  submerged  a  few  feet  below  the  sur- 
face of  the  water.  The  trials  were  accomplished  in  a  remarkably 

short  time,  the  submerging  not  taking  more  than  six  seconds,  while  the 

ascent  to  the  surface  was  made  in  a  very  little  longer  time.  The  opera- 
tions were  continued  for  some  time,  the  vessel  being  kept  on  a  straight 

course.  The  steam  launch  Cayzer,  with  admiralty  and  other  officials 
on  board,  was  in  attendance. 

These  tests  having  proved  successful,  the  boat  was  taken  out  into 
the  Irish  Sea,  escorted  hy  the  tug  Furness,  on  board  of  which  were  divers 
ready  for  instant  action  in  case  of  accident.  All  went  well  with  the 

submarine,  and  it  is  reported  that  her  open-sea  trials,  which  took  place 
off  the  west  coast  of  Walney  Island,  were  successful.  The  A^essel  was 
submerged  to  a  depth  of  15  feet  and  ran  6  miles  under  these  conditions. 
She  remained  off  Walney  until  late  in  the  evening  waiting  for  the  flood 
tide,  upon  which,  attended  by  the  tug,  she  returned  safely  to  Barrow. 

FRANCE. 

SUFFREN. 

This  first-class  battleship  began  her  trials  in  March,  1902,  but  the 
boilers  having  failed  to  reach  the  contract  requirements  in  the  evap- 

orative tests,  the  trials  were  postponed. 

The  boilers  on  the  Suffren  are  of  the  Mclausse  type.  The  evapora- 
tive efficiency  called  for  by  the  contract  was  1  pound  of  steam  per 

pound  of  coal  at  the  rate  of  combustion  of  20  pounds  per  square  foot 

of  grate,  or  Si  pounds  of  steam  per  pound  of  coal  at  the  rate  of  com- 
bustion of  26i  pounds  per  square  foot  of  grate.  During  the  first 

evaporation  trials  this  efficiency  was  not  attained,  although  the  boilers 
worked  well,  aud  the  tubes  inspected  after  each  trial  were  found  to  be 
absolutely  straight,  no  part  of  the  tubular  compartment  showing  the 
least  trace  of  fatigue. 

It  was  believed  that  the  failure  of  the  boilers  was  due  to  defective 

air  supply  under  natural  conditions,  and  one  boiler  was  therefore 
slightly  modified  }>y  changing  the  distances  between  the  grate  bars  o!! 

the  furnace  and  by  the  introduction  of  a  form  of  baffle-plate  in  the 
tubular  compartment.  This  has  proven  very  satisfactory  with  the 

boiler  in  position  in  the  Suffren.  All  the  boilers  will  receive  the  same 
treatment,  and  the  trials  will  then  be  resumed. 

IENA. 

This  new  battleship,  an  account  of  whose  preliminary  (rials  Is  given 
on  page  L24,  General  Information  Scries  No.  XX.  completed  her  i rial- 

oil'  Brest  July  16,1901.  At  the  two  hours'  full  speed  (rial  the  engines 
developed  16,500  I.  II.  P.,  making  L25  revolutions  and  giving  a  speed 
of  L8.2  knots,  with  a  coal  consumption  of  1.72  pounds  per  horsepower 
pei-  hour. 
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MONTCALM. 

This  armored  cruiser  Lad  her  coal-consuinption  trials  in  November, 
1901,  with  the  following  results:  I.  H.  P.,  19,799;  speed,  21  knots; 
coal  per  horsepower  per  hour,  1.79  pounds. 

On  December  31,  1901,  she  finished  a  twenty-four  hours'  trial,  when 
the  engines  developed  11,300  horsepower,  giving  a  speed  of  19  knots 
and  a  coal  consumption  per  horsepower  per  hour  of  1.48  pounds. 

JEAX1VE  D'ARC. 

This  armored  cruiser  began  her  acceptance  trials  off  Toulon  in  July, 
1901,  but  the  results  have  not  been  satisfactory. 

The  ship  is  intended  to  go  23  knots  with  1,400  tons  of  coal,  her 

normal  supply,  in  her  bunkers;  but  up  to  the  present,  although  carry- 
ing less  coal,  a  speed  of  18  knots  only  has  been  reached,  as  the  bearings 

have  become  hot  when  the  engines  have  been  run  up  to  110  revolu- 
tions, although  at  full  speed  they  are  supposed  to  make  120  revolutions: 

moreover,  serious  defects  have  developed  in  the  feeding  of  the  boilers, 

which  are  of  the  small-tube  Guyot  type,  and  the  temperature  of  the 
fire  rooms  is  so  high  that  they  are  quite  unbearable.  On  a  recent 
trial,  with  24  boilers  alight  out  of  30,  fires  had  to  be  hauled  in  no  1 
than  20,  and  with  only  4  boilers  working  the  ship  had  to  crawl  back 
to  Toulon  at  3  knots.  It  is  stated  that  her  boilers  may  have  to  be 
removed  and  others  of  a  different  type  substituted. 

CHATEAl RENAULT. 

This  first-class  protected  cruiser,  an  account  of  whose  preliminary 
trials  is  given  on  page  125  of  General  Information  Series  No.  XX. 

has  finished  her  full-speed  trials  sufficiently  well  to  be  accepted  by  the 
Government,  but  they  can  not  be  called  successful. 

About  July  27,  1901,  she  had  a  full-power  trial,  lasting  one  hour 
and  a  half,  when  the  engines  developed  23,200  I.  H.  P..  making  129 
revolutions  and  giving  a  mean  speed  of  23.75  knots. 

About  August  31,  1901,  she  had  full-power  trials  over  the  course 
off  the  Hyeres  Islands.  The  trial  consisted  of  three  runs  over  the 

measured  course,  with  the  following  results:  First  run.  speed  24.043 

knots;  second  run.  speed  24.344  knots;  third  run.  speed  24.o»57  knot  -. 
From  these  the  mean  speed  arrived  at  was  24.148  knots.  The  engines 
developed  23,680  I.  H.  P. 

After  the  trials  had  been  finished  the  commission  decided  to  pro- 
pose the  changing  of  the  heads  of  the  connecting  rods  and  of  a  certain 

number  of  the  bearings  to  diminish  the  heating  which  occurred  when 
running  at  full  speed. 

About  January  17,  1902,  a  further  effort  was  made  to  hold  full- 
speed  trial,  but  trouble  occurred  with  the  central  engine,  and  the  trial 
was  postponed. 
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In  February  she  had  a  six  hours'  trial,  with  the  following  results: 
I.  H.  P..  18,500;  revolutions,  120.2;  average  speed.  21  8  knots;  coal 
consumption  per  horsepower  per  hour,  1.42  pounds. 

In  the  twenty-four  hours'  endurance  test,  which  took  place  February 
14,  1902,  she  was  able  to  fulfill  her  contract,  and  even  made  greater 
than  contract  speed  for  the  necessary  three  hours,  but  she  was  not 

pushed  to  her  top  speed.  The}T  did  not  dare  to  force  the  central 
engines,  which  have  never  been  satisfactory.  In  continuing*  the  trials 
at  reduced  speed  some  of  the  tubes  gave  out  and  a  propeller  blade 
was  carried  away.  Perhaps  the  worst  of  all  is  the  fact  that  at  about 
20  or  21  knots  the  vessel  is  scarcely  habitable  in  consequence  of 
the  excessive  vibration.  In  the  earlier  trials  the  vibrations  were 

extraordinary,  and  it  was  sought  to  remedy  them  by  shoring  up, 
extra  stanchions  being  carried  from  the  skin  up  through  all  decks. 

Her  later  trials  showed,  however,  that  the  shoring-up  process  only 
made  the  vibrating  motion  a  series  of  hard  shocks,  actually  unen- 

durable except  for  a  comparatively  few  hours.  Certainly  one,  per- 
haps all,  of  the  propellers  are  to  be  changed,  in  the  hope  of  reducing 

the  motion.     When  she  will  be  ready  for  actual  service  is  uncertain. 

JURIEN  DE  LA  GRAVIERE. 

This  second-class  protected  cruiser  commenced  her  trials  at  Lonent 
during  the  latter  part  of  May,  1902,  and  attained  a  speed  of  21.5 
knots.  Owing  to  a  defect  that  developed  in  one  of  the  cylinders  of 
her  central  engine  the  trials  had  to  be  postponed. 

KECJUIN. 

This  reconstructed  armored  coast-defense  vessel  had  her  full- speed 
trial  at  Cherbourg  January  15,  1902,  making  15.3  knots,  with  6,350 

I.  H.  P.  This  was  followed  by  a  twenty-four  hours'  trial,  during 
which  she  attained  a  speed  of  13.97  knots,  with  83  revolutions  and 
4,7^1  1.  H.  P.  The  coal  consumption  per  horsepower  per  hour  was 
L.537. 

The  Requin  is  lilted  with  boilers  of  the  improved  Niclausse  type. 

Six-  has  been  sent  to  Toulon  and  placed  in  the  reserve  "second 

category." SIIUHO  AM)  M1STKAL. 

Nbrmand  &  Co.,  of  Havre,  have  recently  delivered  to  the  French 
ernment,  al  Cherbourg,  two  protected  torpedo  boats,  fitted  with 

the  same  machinery  and  boilers  as  the  Cyclone.  The  trials,  held  in 

August,  L901,  offer  -|><<i;il  in  teres  I  on  account  of  tin-  very  heavj 
weights  carried.  The  dimensions  are:  Length  on  load  line,  NT  I 
extreme  breadth  outside  armor,  L6  feel  L0  inch 

Tin-  nickel  steel  armor  extends  to  tie-  machinery  and  boiler comparl 
ments  and  is  distributed  ;i    follows:  I  inch     vertical  sides  from  l  inch 
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below  the  water  line  to  the  deck;  fore-and-aft  bulkheads  from  16  inches 
below  the  water  line  to  the  deck;  vertical  sides  of  coverings  of  all 
parts  of  machinery  and  boilers  and  of  the  steering  engine  above  deck. 

Eleven  thirty-seconds  of  an  inch — all  horizontal  parts  of  deck  and 
hatchways. 

The  total  extra  weight  resulting  from  the  addition  of  armor,  includ- 
ing the  strengthening  of  the  hull  amidships  and  the  addition  of  a  central 

hollow  keel  1  foot  high,  extending  to  about  one-half  the  length  of  the 
boats,  and  intended  to  stiffen  the  central  part  of  the  structure  and  to 
check  rolling,  is  not  less  than  24  tons. 
The  hulls  are  very  strong,  as  was  proved  by  an  accident  which 

occurred  to  an  exactly  similar  protected  torpedo  boat  in  a  trial  outside 
Lorient.  When  steaming  at  about  23  knots,  during  foggy  weather, 
she  ran  end  on  against  a  rock  rising  above  water;  and,  although 
several  men  were  injured  by  the  shock,  no  material  damage,  beyond 
the  crushing  of  about  25  feet  of  the  fore  part,  occurred  to  the  boat, 
which  was  towed  back  to  harbor. 

The  total  other  weights  carried  on  trial,  exclusive  of  chains,  anchors, 

masts,  boats,  etc.,  and  comprising  only  torpedo  tubes  and  compressing 
pump,  artillery  and  ammunition,  fresh  water  for  boilers  and  crew. 
coal  necessary  for  steaming  1,920  nautical  miles  at  14  knots,  crew  and 

effects,  provisions,  including  5  tons  for  sundries  to  complete  displace- 
ment at  sea,  amounted  to  39.1)  tons  in  the  Siroco  and  43.2  tons  in  the 

Mistral.  Accordingly,  the  displacement  on  trial,  177.5  tons  for  the 
Siroco  and  178.7  tons  for  the  Mistral,  was  that  of  the  boats  on  service. 

It  has  been  the  general  custom  of  the  French  Admiralty  to  have  the 
trials  of  ships  made  at  what  was  believed  to  be  full  load;  hut  lately 
this  rule  has  been  enhanced,  as  it  was  ascertained  that  these  full-load 
trial  displacements  were  often  inferior  to  the  real  displacements  on 
service. 

If  the  24  tons  due  to  armor  are  added  to  the  above  weights,  the 
total  weights  carried  on  trial  amount  to  63.9  and  07. 2  tons,  respectively, 
or  about  37  per  cent  of  the  total  displacement.  This  is  far  from  t ho 
35  tons  carried  on  board  destroyers  of  much  larger  displacement.  The 

weight  of  coal  put  on  board  was  determined  by  an  eight  hours1  pre- 
liminary trial. 

The  full-speed  trials,  which  took  place  after  the  ordinary  prelimi- 

nary runs  on  the  measured  mile,  were  of  four  hours'  duration,  one 
hour  of  which  was  to  be  run  at  22  knots,  one  hour  at  a  maximum 

speed,  and  the  next  two  hours  at  22  knots. 

The  one-hour  maximum  speed  was  found  to  be  28.341  knots  for  the 
Siroco,  the  engines  making  355  revolutions,  and  28.102  knots  for  the 
Mistral,  with  351  revolutions.  Only  26  knots  were  due  according  to 
contract.  The  maximum  speed  of  the  Cyclone  (unprotected),  with  a 
displacement  of  141  tons,  was  30.7  knots. 
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After  the  full-speed  trials,  further  trials  were  made  under  a  Bingle 
hoi  lei-,  when  the  Siroco  maintained  a  speed  of  20. 7  knots,  with  267 
revolutions. 

SIMOUN,  TYPHOX,  A\D  TR051BE. 

These  high-sea  torpedo  boats,  of  the  same  type  as  the  Siroco,  have 
had  their  trials. 

On  August  31,  1901,  on  her  full-speed  trials  off  Havre,  the  Simoun 
made  27.7  knots. 

On  November  9,  1901,  the  Typhon  arrived  at  Cherbourg  from 
Havre,  having  maintained  an  average  speed  of  29  knots.  In  her  sub- 

sequent trials  off  Cherbourg,  in  January  and  February,  she  attained  a 
speed  of  27.8  knots  with  349.7  revolutions,  and  28.21  knots  with  354 
revolutions. 

The  Trombe  completed  her  trials  at  Lorient,  and  attained  a  speed  of 
26.6  knots. 

BOURRASQUE,  BOREE,  RAFALE,  AND  TRAMONTANE. 

These  high-sea  torpedo  boats  are  similar  to  the  Siroco  type,  but 
their  displacement  is  20  tons  less. 

The  Bourrasque,  in  November,  1901,  made  the  trip  between  Cher- 
bourg and  Havre  at  the  average  speed  of  29  knots  under  ordinary 

working  conditions.  In  December  she  had  an  eight  hours1  trial  with 
the  following  results:  Revolutions,  185.55;  average  speed,  14.365 
knots;  coal  consumption,  496  pounds  per  hour.  In  March,  1902,  on 

her  four  hours'  full-speed  trial,  she  made  31.41  knots  with  347.12 
revolutions. 

The  Boree  on  September  7,  1901,  at  Rochefort,  made  25.5  knots  on 
her  trials.     On  November  18  she  made  29.5  knots. 

The  Rafale  carried  out  a  four  hours'  speed  trial  at  Cherbourg,  in 
February,  L902,  with  the  following  results:  Revolutions,  347;  speed, 
31.47  knots. 

The  Tramontane,  on  July  25,  1901,  attained  a  speed  of  23  knots 

with  21>o  revolutions  during  a  three  hours'  trial,  and  29. s  knots  with 

839.5  revolutions  during  an  hour's  run  at  full  speed. 

NOS.  -jr>:{,  264,  855,  AND  856. 

These  first-class  torpedo  boats  have  had  satisfactory  trial-.  In 
October,  L901,  No.  253  completed  its  consumption  and  working  trials 

with  an  average  speed  of  1 1.  is  knots.  The  coal  consumption  w :i-  391.3 

pounds  )><•]•  hour,  while  at  ll  knot-  this  was  reduced  to  376.6 
pounds.  In  November  a  speed  of  ̂->. 36  knots  was  obtained  with  340 
r<-\  olul  ion 

On  October  21,  L901,  the  coal  consumption  trials  of  No.  254  resulted 

A\<t;i  ed,  i  I. ■-'»'•  knots;  revolutions,  L94.68;  coal  per 
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hour,  391.32  pounds.  On  .November  24,  1901,  a  speed  of  25  knots 
was  obtained  with  342.86  revolutions. 

On  January  22,  1902,  No.  255  attained  a  speed  of  25.608  knots 
with  345.25  revolutions. 

In  February  No.  256  had  an  eight  hours'  coal-consumption  trial 
with  the  following  results:  Speed,  14  knots;  revolutions,  192.3:  coal 
consumption  per  hour,  391.3  pounds;  coal  consumption  per  mile,  at  14 
knots,  25.43  pounds. 

SUBMARINES. 

The  Espadon  underwent  its  first  submersion  trial  October  3.  1901, 
at  Cherbourg.  She  was  under  water  for  four  hours.  Everything 
went  well,  and  the  crew  experienced  no  discomfort. 

The  same  vessel  carried  out  surface  trials  October  21,  making  use 
of  her  steam  machinery.  The  average  speed  obtained  was  8.7  knots 
with  380  revolutions;  at  highest  power,  with  420  revolutions,  the  speed 
should  be  more  than  10  knots. 

The  Espadon  was  then  submerged  for  two  and  a  half  hours,  taking 
less  than  eight  minutes  to  reach  a  depth  of  about  30  feet. 

The  first  trials  of  the  Sifoire  commenced  at  Cherbourg  December  20, 
1901.  The  time  occupied  in  disappearing  was  ten  minutes,  but  this 
will,  it  is  hoped,  be  reduced  to  six  minutes. 

In  April  the  Silure  made  some  interesting  experiments  outside  the 
harbor  of  Cherbourg.  Among  other  things,  it  sank  to  a  depth  of 
134.5  feet,  at  which  depth  it  was  found  that  the  hull  was  compressed 

to  the  extent  of  one-twenty-fifth  of  an  inch.  No  inconvenience  was 
felt  by  the  crew  greater  than  that  experienced  at  a  depth  of  from  20 
to  25  feet. 

On  June  14,  1902,  the  Silure  left  Cherbourg  at  9  a.  m.  to  make  a 

twent}T-four  hours'  trial  trip  in  the  open  sea.  She  finished  her 
maneuvers  on  the  surface  at  2  p.  m.,  and  then  went  under  water, 
where  she  remained  at  a  depth  of  nearly  4  fathoms  for  two  hours, 
when  suddenly  three  quartermasters  became  unconscious.  For  a 

moment  the  crew  became  panic  stricken,  but  the  lieutenant  in  com- 
mand immediately  gave  orders  for  the  boat  to  be  brought  to  the 

surface,  and  made  at  once  for  Cherbourg,  arriving  there  at  5  p.  m. 
The  unconscious  men  were  at  once  transferred  to  the  naval  hospital, 

where  it  was  found  that  the}7  were  suffering  from  carbonic  acid  gas 
poisoning. 

The  Triton  underwent  her  surface  trials  October  3,  1901.  at  Cher- 
bourg.    She  traveled  40  miles  at  an  average  speed  of  10  knots. 

The  newspapers  of  France  give  much  attention  to  the  performances 

of  their  submarine  and  submersible  boats,  "submarine"  being  the 

term  applied  to  boats  of  the  Morse  type  and  "submersible"  to  those  of 
the  general  type  of  the  JVarval.     Nearly  every  day  short  paragraph- 
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appear  relating-  to  the  experiments  made  with  one  or  another  of  these 
boats.  While  the  published  accounts  always,  or  nearly  always,  give 
unstinted  praise  and  pronounce  the  experiments  a  success,  the  fact 

remains  that  details  are  rarely  given,  and  the  success  obtained  is  prob- 
ably not  so  great  as  usually  described  in  the  press.  One  of  the  experi- 

ments for  endurance  was  made  by  the  Triton  (submersible),  which  left 
Cherbourg  on  December  7,  1901,  with  all  her  materials,  stores,  and 
four  torpedoes,  and,  after  clearing  the  breakwater,  experimented  in 
diving  and  traveled  during  two  hours  under  water.  Then,  coming  to 
the  surface,  fires  were  lighted  and  she  continued  her  journey  to  the 
eastward,  passing  Cape  de  la  Heve,  near  Havre,  during  which  time  she 

recharged  her  accumulators  and  compressed-air  tanks.  Without  land- 
ing, she  turned  and  returned  to  Cherbourg,  experiencing  bad  weather. 

The  crew  remained  under  closed  hatches  for  nearly  the  entire  trip. 

It  is  stated  that,  while  the  temperature  below  reached  122°  F.,  the 
men  bore  the  journey  very  well.  She  reached  Cherbourg  at  10  o'clock 
next  morning,  after  a  continuous  run  of  twenty-four  hours,  and 
eve  it  thing  is  said  to  have  worked  well. 

GERMANY. 

RAISE R  BARBAROSSA. 

This  battleship  had  her  trials  from  June  17  to  July  6,  1901.     The 
following  table  shows  the  results: 

Duration  of  trials   hours. 
Draft  before: 

Forward   feet. 

Aft   do. . . 

Draft  after: 
Forward   do... 

Aft   do. . . 

Indicated  horsepower  main  engines   
Int  ions   

Coal  consumption  per  horsepower  per  hour   pounds. 

Coal  consumption  per  square  footof  grate  surface  per  hour  (cylindrical  l><>ii 
  pounds. 

Coal  consumption   per  square  fool  of  grate  surface  per  hour  (tubulous  l«>ii 
  pounds 

Air  pressure  in— 
ndrical  boilere  - 

TubulouM  boil< 

k  nots. 

inclic 

do 

First 
trial. SO 

24.27 
27.03 

15 

I  i   i 

Second 

trial. 

_>4. 41 

26.  83 

22.  90 
26.70  26.88 

7,360  13,940 
94  112.8 

1.83      

17 

n.  I 

K  Vlsr.lt    h  11(1.    IttIC    «.|{Oss| 

A  the  result  of  the  -hip  running  aground  when  being  conveyed 
from  I  [amburg  to  Wilhelmshaven  and  the  repairs  necessitated  thereby . 
the  trials  of  this  battle  hip  were  delayed  until  January,  L902.     Aitei 
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successful  preliminary  trials,  which  took  place  from  January  9  to  the 

latter  part  of  February,  the  six-hour  trial  trip  under  forced  draft  was 
made  on  March  6. 

The  results  of  the  trials  were:  Mean  I.  H.  P.,  13,833;  revolutions, 

116;  air  pressure,  water-tube  boilers,  1.5  inches  water  column,  cylin- 

drical boilers,  0.45-inch  wTater  column.  The  speed  was  about  18  knots, 
but,  owing  to  the  dark  weather,  it  could  not  be  ascertained  exactly. 

THETIS. 

The  Thetis  had  her  forced  draft,  six-hour  trial  October  19,  1901, 
which  proved  satisfactory.  Following  are  the  particulars:  Draft 
before  trial,  forward  11.79  feet,  aft  17.06  feet;  draft  after  trial, 
forward  11.1  feet,  aft  17.06  feet.  The  I.  H.  P.  developed  was  8,888, 
with  172  revolutions,  and  a  speed  of  21.75  knots  per  hour.  The  air 

pressure  under  grate  was  2.4  inches  water  column.  The  coal  con- 
sumption was  not  measured. 

S-107. 

This  torpedo-boat  destroyer  made  her  trial  trips  all  in  one  week,  com- 
prising the  engine  maneuvering  trip,  rudder  manetrvering  trip,  forced 

trial  trip,  and  trips  under  forced  draft  over  the  measured  mile.  The 
speed  attained  was  28.3  knots. 

G-los. 

This  torpedo  boat  destroyer,  built  at  the  Germania  Works,  at  Kiel, 
made  trial  trips  over  the  measured  mile  March  22,  L902.  Under  the 
contract  requirements  the  vessel  was  to  have  a  speed  of  26  knots,  but 

she  reached  a  maximum  of  28.8  knots  in  shallow  water,  and  the  opin- 
ion of  the  experts  is  that  in  dee])  water  she  will  be  able  to  make  30 

knots.     The  trials  were  made  with  full  war  equipment. 

Later  reports  state  that  a  speed  of  30  knots  has  been  attained  by  this 

destroyer,  but  that  during  one  of  the  trials  the  stern-post  broke. 

HOLLAND. 

KIXDJAM. 

The  last  of  the  three  torpedo  boats  built  by  Yarrow,  at  Poplar,  the 
Rindjani,  of  138  tons,  was  launched  July  2,  1901,  and  immediately 

after  began  a  series  of  progressive  speed  trials.  The  vessel  was  draw- 
ing 3  feet  9  inches  forward  and  1  feet  7i  inches  aft,  giving  a  mean  of 

4  feet  2J  inches,  the  total  load  being  49.5  tons.  Ten  runs  were  made 
on  the  measured  mile,  two  runs  in  each  direction  giving  L9.999  knots, 
two  at  20.898  knots,  two  at  22.817  knots,  two  at  23.392  knots,  ami  two 
at  24.161  knots,  the  slip  of  the  propeller  decreasing  from  1  5.5  to  11.9 
per  cent.  Then  six  runs  were  made  at  full  speed,  the  mean  result 
being,  boiler  pressure.  200  pounds;  at  engines.  L86.6  pounds;  at  steam 
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chest,  180  pounds;  first  receiver,  71  f  pounds;  second  receiver,  12J 
pounds;  vacuum,  ̂ 3  inches;  air  pressure  in  fire  room,  1.9  inches;  rev- 

olutions, 368.7;  speed,  25.59  knots,  and  average  slip,  12.1  per  cent. 
The  vessel  continued  running  for  some  time  at  this  speed,  and  the  coal 
burned  throughout  the  trial,  which  lasted  seven  hours,  was  7  tons  10 
hundredweight,  the  draft  upon  the  return  being,  forward,  3  feet  6 

inches;  aft,  -±  feet  7  inches;  mean,  4  feet  i  inch. 

ITALY. 

NEMBO. 

The  torpedo-boat  destroyer  N&mbo,  of  350  tons,  built  by  Pattison, 
of  Naples,  finished  her  trials  October  28,  1901.  With  steam  pressure 
of  170  pounds  per  square  inch  in  her  boilers  she  made  18.3  knots  with 
1,158  horsepower,  and  19.3  knots  with  1,444  horsepower.  With  200 

pounds'  steam  pressure,  24.7  knots  with  2,994  horsepower,  25.6  knots 
with  3,350  horsepower,  26.6  knots  with  3,850  horsepower,  and  27.2 

knots  with  4,907  horsepower.  Finally,  with  200  pounds  steam  pres- 
sure, 20.8  knots  with  1,966  horsepower,  and  22.3  knots  with  2,123 

horsepower.  On  a  four  hours'  trial,  with  a  steam  pressure  of  220 
pounds,  and  a  mean  horsepower  of  5,350,  a  speed  of  30  knots  was 
obtained,  the  maximum  being  5,724  horsepower,  with  a  speed  of  30.56 

knots.  On  a  three  hours'  forced  draft  trial,  with  a  steam-pressure  of 
2<>0  rjounds  and  5,278  horsepower,  a  speed  of  30.2  knots  was  obtained; 
revolutions,  369. 

The  coal-consumption  trial  of  six  hours,  with  natural  draft,  gave 
3,314  horsepower,  25.1  knots  speed,  and  311  revolutions,  with  1.94 

pounds  of  coal  per  horsepower  per  hour.  At  this  speed,  with  a  maxi- 
mum of  80  tons  on  board,  the  radius  of  action  would  be  about  680 

mil- 
DELFIM). 

A  number  of  successful  trials  have  been  carried  out  with  the  sub- 

marine boat  Ddjvno.  The  Delfino  was  built  at  Spezia  in  1896,  and 
several  successful  series  of  experiments  were  carried  out  with  her, 
but  in  one  of  her  dips  she  fouled  the  Maria  Pid?8  bottom  and  could 

not  be  cleared  until  the  battleship  weighed  and  shifted  berth.  After 
this  her  trials  were  given  up,  but  they  were  recommenced  in  August, 

L901.  She  \s  constructed  of  steel,  in  the  form  of  a  cigar;  is  about  7-2 
feel  long,  with  a  diameter  of  8  feel  6  inches;  when  completely  im- 

mersed she  has  a  displacement  of  about  107  tons.  The  motive  power 
La  furnished  by  a  battery  of  300  accumulators,  which  give  ber  a  speed 
of  8  or  9  knots  on  the  surface  of  the  water,  she  is  driven  bj  a  scre^ . 

tin-re  being  2  small  screws  in  addition  for  submerging  ber  or  sending 
ber  to  the  surf  ace.  She  carries  2  torpedo  tubes  forward.  The  pro 
vision  of  air  is  sufficient   for  L2  men  for   even  or  eight  bours.    The 
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Delfino  is  to  bo  fitted  with  a  new  periscope,  the  invention  of  two  engi- 
neers in  the  Royal  navy — Senori  Russo  and  Laurenti.  The  new  instru- 
ment is  called  the  cleptoseope,  and  it  is  claimed  for  it  that  while  the 

tube  which  is  visible  above  the  water  is  only  5  inches  in  diameter. 
it  has  a  field  of  view  of  60  degrees,  which  is  without  distortion  and 
extends  to  the  horizon.  The  original  French  periscope  has  only  a 
field  of  3  or  4  degrees,  and  with  it  it  is  extremely  difficult  to  locate 

objects,  while  in  the  latest  pattern  the  tube  is  over  13  inches  in  diam- 
eter, while  the  objects  in  the  field  are  said  to  appear  blurred  and 

distorted. 
TURBINE. 

The  torpedo-boat  destroyer  Turbine,  of  350  tons,  built  at  the  Pat- 
tison  Works,  Naples,  has  had  her.  trials  under  forced  draft,  with  a 
displacement  of  270  tons.  With  a  steam  pressure  of  204  pounds. 
5,306  I.  H.  P.  was  developed:  revolutions,  369:  speed,  30.16  knots. 

On  her  coal-consumption  trial  under  natural  draft  3.257  I.  H.  P.  was 

developed,  giving  25.2  knots,  with  313  revolutions,  and  a  coal  con- 
sumption of  1.9  pounds  per  horsepower  per  hour. 

JAPAN. 

31  IK  ASA. 

This  new  battleship  completed  a  series  of  official  trials  in  the  English 
Channel  in  January.  1902.  On  a  deep  sea  measured  course  off  the 
coast  of  Devon  the  vessel  attained  a  speed  of  18.6  knots,  developing  a 
mean  1.  H.  P.  of  16,400.  which  is  in  excess  of  the  guaranteed  results, 
namely,  18  knots  and  15,000  T.  H.  P. 

On  a  coal-consumption  trial  of  six  hours'  duration,  at  four-fifth-  of 
her  full  power,  it  was  found  that  with  1.2,235  horsepower  the  coal  con- 

sumption worked  out  to  1.53  pounds  per  horsepower  per  hour,  while 
the  guarantee  was  2  pounds.  The  boilers,  which  are  of  the  Belleville 

type,  were  worked  entirely  by  the  Japanese  crew.  On  the  six  hours' 
trial  the  speed  was  17.3  knots.  The  engines  worked  most  satisfactorily 
on  all  the  trials. 

(HIHAVV. 

This  dispatch  boat  of  1,250  tons  displacement,  built  at  Yokosuka. 
collided  with  a  torpedo  boat  destroyer  on  her  trial  trip,  but  sustained 
only  slight  damage.  Her  estimated  speed  was  21  knots,  but  she  made 
22  knots  on  her  forced-draft  trial. 

AKATSIKI. 

The  following  table  shows  the  results  of  the  three  hours'  official  trial 
of  this  destroyer,  held  November  21.  1901.  A  load  oi  10  tons  Gl- 
eamed: 
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Run. Hour. Boiler 
steam. 

First 

inter- 
medi- ate 

re- 
ceiv- 
er. 

Lbs. 

64 

63 

66 

66 

65 

65 

Sec- 
ond 

inter- 

medi- ate 

re- 

ceiv- 
er. 

Lbs. 

12.5 

12.5 

14.0 

13.9 

13.4 

13.7 

!  Air 

pres- 

Vacu-    sure 
um.  j    in i  fire 

room. 

Revo- 

lutions 

per 

min- 

ute. 

Time. 

Speed. 

First 
mean. Second mean. 

Admiralty 

mean. 

1 

9 

3   

4   

5 

6 

a.  in. 

11.8 

11.18 

11.28 

11.38 

11.47 

11.57 

Lbs. 
229 

229 

233 

236 

232 

240 

Ins. 
22.3 

22.3 

22.0 

21.5 

21.3 

20.8 

1.5 

1.6 

1.7 
1.3 

1.3 

1.1 

407.0 

401.4 

414.  2 

403.5 

408.5 

403.5 

m.    s. 

1  51 

2  3.6 

1  47.2 

2  2 

1  49.5 

2  0 

32. 432 

29. 126 

33. 582 

29. 508 

32. 876 

30. 000 

^30.779  L Y8L.  067 kn.354 
I                31.450 &1.545   \ 

ysi.  368 
&1.192 ;;i.3i5 

J31.438   J 

31.300    knots 

per  hour  on 
measured 
mile. 

M  e  a  n    o  n 

233 
65 

13.3 21.7        1.4      406.35 

Note.— Means  for  the  three  hours'  trial:  Two  hundred  and  thirty  pounds  steam;  64  pounds  in  first 
intermediate  receiver;  13  pounds  in  second  intermediate  receiver;  20.3-inch  vacuum;  air  pressure  in 
fire  rooms,  1.3  inches;  mean  revolutions  per  minute.  404;  mean  speed  during  three  hours,  31.121  knots; 

I.  H.  P.,  6,450;  coal  consumption  on  the  three  hours'  continuous  run,  1.97  pounds  per  horsepower. 

KASUMI. 

The  following  table  shows  the  result  of  the  three  hours'  official  trial 
of  this  destroyer  held  on  January  29,  1902.  A  load  of  4:0  tons  was 
carried: 

Run. Hour. 

1   
a.  in. 
11.13 

9 11.21 

3   11.33 

4   11.43 

11  51 

6   12.  a 

Air  pres- sure in 
fire 

room. 
Revo- 
lutions 

per 

minute
. 

Time. 

Speed. 

First mean. Second mean. 

Inches. 
0.6 

.93 

.9 

1.1 

1.1 

1.2 

395.8 

382. 1 

390.3 

396. 8 

398. 1 
401.7 

m.    s. 

2    40 

1  49. 4 

2  5. 5 

1  47.5 

2  1.2 

1    46.5 

29. 032 

32. 906 

28.  685 

33.  488 

28. 985 

33. 802 

J     30. 969 

|    30.795 

|    31.087 

}    31.236 

|    31.394 

1    30.882 

J    30.941 

}    31. 161 

J    31.315 

Admiralty  mean. 

31.075   knots    on 
measured  mile. 

A  Iter  the  six  runs  were  made,  to  ascertain  the  advance  per  revolul  ion 

of  the  screw,  a  three  hours'  trial  was  proceeded  with,  with  the  result 
that  :i  mean  speed  during  the  three  hours  of  31.215  knots  was  obtained. 

NlllltAKI  MO. 

This  torpedo-boat  destroyer  underwent  ;i  successful  full  -peed  trial 
on  January  5,  L902,  in  very  boisterous  weather  at  the  mouth  of  the 
Thames.  In  spite  of  the  unfavorable  conditions,  the  mean  speed 

maintained  during  the  three  hours'  trial  was  31.030  knol 
The  result*  of  -i\  run    over  the  measured  mile  were  as  follow  , 
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the  conditions  of  load,  etc.,  being  very  similar  to  those  for  British 
Admiralty  vessels  of  this  class: 

Run. 
Time. 

Speed. 

Mean  revo- lutions. 
Steam 

pressure. 

1               

Min.    s. 
1    50.8 

1    58.6 

1    48.4 

1    56.8 

1    49.0 

1    58.6 

Knots. 

32. 491 

30.354 

33.210 

30.822 

33.027 

30.354 

Per  minute. 

394.0 
394.9 

407.4 

398.5 

406.5 
390.5 

Ubs.  per 

sq.  inch. 222 

2                   227 

3  a                        

230 

4  a                  

235 

5                

235 

6                  

235 

a  It  will  be  seen  that  the  mean  of  runs  3  and  4  is  over  32  knots,  so  that  the  Shirakumo  is  one  of  the 
fastest  vessels  in  existence. 

True  mean  speed,  31.819  knots. 
True  mean  revolutions,  400.8  per  minute. 
The  vessel  proved  a  good  sea  boat  and  notably  free  from  vibration. 

ASASHIO. 

The  torpedo-boat  destroyer  A&ashio  underwent  a  successful  trial 
on  April  24,  1902.  The  speed  attained  as  a  mean  of  six  runs  on  the 
measured  mile  was  31.057  knots.  The  mean  revolutions  of  the  main 

engines  were  381.4  and  the  horsepower  7,224.  The  mean  speed  for 

the  three  hours'  run  was  31.038  knots. 

RUSSIA. 
I'OBIEDA. 

The  battleship  Pdbieda  had  her  six-hour  trial  trip  under  full  steam 
October  19,  1901.  In  order  to  make  up  for  the  lacking  weight  repre- 

sented by  armor  and  armament,  the  ship  took  water  ballast  so  that 
the  draft  was  brought  to  24.9  feet  forward  and  25.6  feet  aft.  The 

results  of  the  trials  were  as  follows:  I.  H.  P. — starboard  engine. 
5,198;  midship  engine,  5,245;  port  engine,  5,049;  total,  15.492.  This 
was  almost  1,000  horsepoAver  above  contract  requirements  (14.50O 
I.  H.  P.).  The  speed  attained  was  18.5  knots  in  an  average  of  four 

runs  over  the  measured  mile.  The  boilers  and  engines  worked  satisfac- 
torily. The  coal  consumption  of  the  thirty  Belleville  boilers  was  2.6 

pounds  per  unit  of  horsepower  per  hour. 

KETWISA>. 

The  battleship  Retwisan  had  her  trials  October  21,  1901,  with  the 
following  result: 

Draft  of  the  vessel:  Forward  24  feet  3  inches:  aft.  25  feet:  mean, 

24  feet  7.5  inches.  Length  of  measured  distance,  10  knots.  Wind 
northwest;  force,  3;  sea,  calm. 
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Number  of  run. 

October  21. 

Average 

Average. 

Average. 

October  22. 

Average. 

Elapsed 
time. 

Mil).    8. 

33  38 

34  27 

37  47 

38  55 

58    12 

58    27 

Speed. 

17.84 

17.  42 
17.63 

15.88 

15.42 
15. 65 

Steam 
Revolu-     pressure 
tions.  on 

boilers. 

118.92 
118. 98 

118. 95 

99.60 

100.  20 

99.90 

253 

248 

250.  5 
201.5 

198.5 
200 

Indicated 

horse- power. 

14,032.95 

14,064.54 

14,048.74 

7, 227.  21 

7,  379.  20 

7, 303.  20 

Per  cent of  slip. 

20.11 

22.11 

21.11 
15. 23 

18. 15 
16.69 

10.31 

10.27 

10.  29 

62.  76 

63.09 

62.  92 

204  1,711.07 

207.5  1,775.57 

205.75  !      1,743.32 

12.  40 13.30 

12.85 

33    41 

33    00 

17.813 

18. 182 
17. 998 

126. 12 
124. 91 

125.  52 

251 

254 

252.  5 

17,123.91 

17, 099. 51 

17,111.71 

24. 69 

22.47 
23.58 

Before  beginning  run  No.  7,  October  22,  the  vessel  was  brought 
down  to  the  draft  given  at  the  head  of  the  table. 

The  full-speed  trial,  lasting  twelve  hours,  was  begun  on  October  22 
and  finished  on  October  23.     The  steam  pressure  was  242.95  pounds. 

Average 

revolu- 
tions. 

Vacuum. 
Indicated 

horse- power. 

Average 

speed. 

Port  engine   124. 79 

123. 07 

24.7 

23.36 8, 340. 42 
8, 007. 80 

Starboard  engine   17. 915 

Total   
16,348.22 

The  coal  consumption  per  I.  H.  P.  per  hour  was  1.88  pounds. 

The  twenty-four-hour  10  knots  endurance  trial  showed  a  coal  con- 
sumption of  61.43  tons,  the  full-bunker  capacity  of  the  battleship 

being  2,250  tons. 

The  coal  consumption  at  15  knots  speed  was  1.37  pounds  per  I.  H.  P. 
per  hour,  8,403.432  I.  H.  P.  being  developed  for  that  speed. 

BOO  AT  lit. 

At  her  builder's  trials,  this  cruiser,  of  6,500  tons,  made  an  average 
speed  of  ̂ 1  knots,  her  engines  developing  20,500  horsepower. 

DIANA. 

This  cruiser  had  her  trials  on  November  l^,  L901,  at  which  time  she 
hours  at    full  speed.      It  was    found    (hat    she   only  drew  20 

feel  L0  inches  on  an  even  keel,  showing  that  her  displacement  was  6,660 
tons,  or  To  ions  less  than  she  was  designed  for.     Eler  three  engines 

fher  (i«.\  doped   12, 1 29  horsepower,  or  M9  horsepower  more  than 
contracted  for.    The    peed  attained  was  L9.8  knots. 
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PALLIDA. 

The  cruiser  Pallada  made  a  six-hour  trial  trip,  under  forced  draft, 
November  3,  1901,  for  the  purpose  of  testing  her  engines,  furnished 

by  the  Franco-Russian  Works.  The  results  of  the  trial  were  I.  H.  P., 
starboard  engine,  4,543;  midship  engine,  4,405;  port  engine,  4,152; 
total,  13,100,  or  1,500  more  than  required  under  the  contract  (11,600). 
Instead,  however,  of  the  20  knots  required,  the  cruiser  made  only  19.2. 
The  24  Belleville  boilers  worked  satisfactorily;  but  toward  the  end  a 
group  of  four  boilers  had  to  be  cut  off,  owing  to  the  leaking  of  a  feed 
valve. 

NOYIK. 

This  second-class  protected  cruiser,  which  is  described  on  page  97, 
General  Information  Series,  No.  XX,  has  been  having  her  trials,  but 
the  published  data  are  meager  and  conflicting.  At  a  trial  held  on  July 
18,  1901,  she  is  said  to  have  made  an  estimated  speed  of  26  knots, 
and  later  in  the  year  it  is  claimed  she  made  an  average  speed  of  26 
knots,  under  forced  draft,  while  running  in  a  gale  with  a  heavy  sea. 
Other  reports  state  that  after  12  separate  speed  trials  she  has  been 

unable  to  maintain  the  guaranteed  speed  of  25  knots  for  ten  consecu- 
tive hours,  the  longest  period  at  that  speed  having  been  two  hours, 

her  average  speed  being  21  knots. 

FILIN,  <;AUAKA,   XYKOK.  SOYA,   YOKON,   AM)    TASEB. 

These  torpedo-boat  destroyers,  of  the  Sokol  type.  240  tons,  have 
had  their  speed  trials. 

The  ffllin,  built  at  the  Newski  Works,  made  26.94  knots,  under 

forced  draft,  October  10,  1901.  On  a  four  hours'  trial,  with  nine- 
tenths  of  her  full  power,  a  maximum  speed  of  24.5  knots  was  made. 

The  Gagara,  built  at  Newski,  had  her  trials  over  the  measured  mile, 

August  15,  1901,  and  made  27  knots.  On  a  four  hours'  trial,  with 
nine-tenths  of  her  full  power,  she  averaged  25.54  knots. 

The  Nyrok,  built  at  Ijora,  made  26.18  knots  on  her  acceptance  trial, 

October  10, 1901.  The  required  speed  was  26.5  knots.  Further  trials 

had  to  be  postponed  on  account  of  an  accident  to  the  low-pressure 
cylinder. 

The  Sova,  built  at  the  Newrski  Works,  made  26.81  knots,  under 

forced  draft,  October  17,  1901.  On  a  four  hours'  trial,  at  nine-tenths 
full  power,  a  maximum  speed  of  24.5  knots  was  made. 
The  Voron,  built  at  Newski,  made  a  run  over  the  measured  mile, 

attaining  a  speed  of  28.1  knots  with  432  revolutions. 
The  Yaseb,  built  at  Ijora,  made  two  runs  over  the  measured  mile  with 

an  average  speed  of  26.84  knots.  On  her  four  hours'  trial,  under  full 
steam,  she  made  26.5  knots  with  352  revolutions. 
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SWEDEN. 

DRISTltiHETEN. 

This  armored  coast  defense  vessel,  of  3,500  tons,  has  completed  her 
trial  trips.  In  a  long  run,  under  forced  draft,  she  attained  a  speed  of 
17  knots. 

1300—02   5 



Section  IV. 

RECONSTRUCTION  OF  OLD  SHIPS. 

ENGLAND. 

ROYAL  SOYEBEIGN  CLASS. 

The  6-inch  guns  on  these  battleships  are  to  be  put  in  casereates. 
BABFLEl  B  AND  CENTURION. 

All  the  4. 7-inch  R.  F.  guns  on  these  battleships  will  be  taken  out 
and  replaced  by  6-inch  R.  F.  guns  in  casemates.  The  armor  plate  for 
the  casemates  will  vary  in  thickness  from  2  to  6  inch 

POWERFUL  AND  TERRIBLE. 

Four  6-inch  R.  F.  guns,  in  casemates,  will  be  added  to  the  armament 
of  these  cruisers.  At  the  present  time  they  have  twelve  0-inch  guns, 
four  on  each  side,  in  casemates  on  the  main  deck,  and  two  others  in 

casemates  on  the  upper  deck,  placed  over  the  guns  which  are  farthest 

forward  and  aft.  The  four  other  6-inch  guns  are  to  be  placed,  two  on 
each  side  of  the  upper  deck,  also  in  casemates,  superposed  upon  those 
of  the  guns  which  occupy  a  position  amidships  on  the  main  deck.  This 

modification  will  add  very  greatly  to  the  offensive  power  of  th< 

cruisers,  which,  in  addition  to  the  6-inch  battery,  carry  two  '.♦.2-inch 
guns  and  thirty  12-pounder  and  smaller  guns.  When  the  modification 
has  been  made,  the  Powerful  and  Terrible  will  somewhat  resemble  the 
ships  of  the  Drake  class,  but  will,  of  course,  lack  the  protection  which 
will  give  these  latter  much  greater  value. 

ARROGANT  AM)  TALBOT  CLASSES. 

The  10  cruisers  of  the  Arrogant  class,  5,750  tons,  and  the  3  of  the 

Talbot  class.  5,600  tons,  are  to  have  the  4.7-inch  R.  F.  guns  replaced 

by  6-inch. TOBPEDO  GUNBOATS. 

The  Gossamer  has  just  been  entirely  refitted  by  Palmer's  Shipbuild- 
ing and  Iron  Company,  of  Jarrow.  She  is  a  vessel  of  735  tons 

displacement,  and  was  built  at  Sheerness  in  1890.  Her  original 
engines  indicated  3,600  horsepower,  but  these  have  been  taken  out 

and  twin-screw  high-speed  engines,  having  cylinders  L9  inches,  2 
inches,  46  inches  by  18  inches  stroke,  have  been  fitted,  together  with 

four  water-tube  boilers  of  the  Reed  type  in  place  of  the  old  locomo- 
tive boilers.  This  new  machinery  will  give  very  nearly  double  the 

power  on  the  original  weight,  and.  as  the  result  of  her  preliminary 
66 



67 

trial  proves,  will  increase  the  vessel's  speed  by  about  three  knots — a 
decided  improvement.  The  ship  was  taken  to  sea  on  March  6,  1902, 

for  a  full  speed  preliminary  trial,  and  the  results  were  very  satisfac- 

tory, the  machinery  being'  run  for  three  and  three-fourths  hours,  a  mean 
speed  of  22  knots  per  hour  over  the  measured  mile  being  obtained. 
The  Skipjack  and  Speedwell  were  converted  in  a  similar  manner  by 

the  Palmer's  Company  a  short  time  ago,  and  quite  recently  the  Gov- 
ernment has  placed  an  order  for  carrying  out  similar  work  to  the  Jason 

and  Circe  with  the  Fairfield  Company.  The  Niger,  a  sister  ship  to 
the  Gossamer,  is  also  at  Jarrow,  being  fitted  with  new  machinery,  and 
will  be  ready  for  her  trials  shortly. 

On  May  12,  1902,  the  Gossamer  finished  a  full  power  trial,  during 
which  she  developed  an  I.  H.  P.  of  6,058  and  maintained  an  average 

speed  of  20.32  knots. 

FRANCE. 

DEVASTATION. 

The  work  of  reconstructing  this  old  battleship  is  nearly  complete. 

The  new  battery  consists  of  four  10.8-inch  guns  of  the  latest  model, 
mounted  on  the  main  deck  in  a  central  citadel,  two  9.4-inch  guns  on 
spar  deck,  in  central  pivot  mounts,  and  protected  by  shields,  and  ten 

-1-inch  K.  F.  guns  on  the  spar  deck  without  protection. 
The  armor  at  the  ports  of  the  10.8-inch  guns  is  beveled,  and  the 

pivots  of  the  mounts  being  at  the  side,  the  sides  of  the  ports  come  close 

be  guns.  The  exposure  in  a  fore-and-aft  direction  is,  therefore, 
slight,  but  the  vertical  opening  is  very  large. 

COUIiBET. 

The  following  table  shows  the  changes  made  by  the  reconstruction 
of  thie  old  battleship: 

Displacement,  ion*-. . . 
Qunfl  in  battery   

in  bow   

mi  Htera   

Imttery  . . . 

upper  deck   

lire*   

1 

pOWCI 

Before  reconstruction. 

10,200  (nominal)   

Four  r2.<i-in   

One  10.8-in   

One  10.8-in   

Two  10.8-in   

six  fr.Mn.,  twoS-pdra.,  twenty  L-pdra.. 

Five  above  water   

Two  12.6-ln., three  10.8-in.,  thre< 

In., one  8-pdr., l('"  ■  pdra. 
]_m;  in.,  three  10.8  in   

Two  12.6  In.,  three  10.8  In   

< Sompound  \ ei ti'-;<i  i inc.-  cyllnd*  i 
Cylindrical.    

■ 

Ifi  i  knoti 

After  reconstruction. 

10,800. Four  10.8-in. 

one  6. 1-iu. 

One  9.6  in. Two  9.6-in. 

Ten  i  in.,  fourteen  8-pdra.,  seventeen 
l-pdra. 

i'i\ <■  above  \\ ater. 

Two   10.8  in.,  two  9.6  in..  ii\<'    i  in 

seven  8  pdra.,  inn.'  i  pdra. 
Two  10.8  in.,  two 9.6  in  ,one6.  i  In, 

Two  io.8  in.,  thn  e  9  i.  in 
Sunn-  aa  before 

Belleville, 
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No  change  of  importance  has  been  made  in  the  Courhefs  armor, 
which  is  still  her  weak  point.  The  belt  is  from  15  inches  to  8f  inches 
of  iron,  with  3i  inches  of  compound  deck  on  top  of  it.  This  deck  is 

composed  of  a  2-inch  iron  deck  with  a  li-inch  steel  deck  laid  over  it. 
The  redoubt  is  9i-inch  iron,  with,  as  in  all  old  ships,  huge  ports.  To 
lessen  the  danger  of  these  ports,  4^-inch  hardened  steel  shields  have 
been  fitted  to  the  10.8-inch  guns. 

COETLOGO>,  TROUDE,  and  F0RB1N. 

The  French  minister  of  marine  has  decided  that  extensive  alterations 

and  repairs  shall  be  carried  out  on  these  three  cruisers,  which  belong 
to  the  reserve  and  are  stationed,  the  first  at  Lorient,  and  the  two 
others  at  Rochefort.  They  were  built  at  Bordeaux  more  than  ten  years 
ago,  and  have  never  been  good  for  anything,  only  one  of  them,  the 
Troude,  being  fit  to  put  out  to  sea.  The  alterations  will  include  the 
renewing  of  the  boilers,  the  replacing  of  the  wooden  decks,  and  the 
modernizing  of  the  artillery.  It  is  expected  that  the  alterations,  which 
will  be  very  expensive,  will  render  the  vessels  seaworthy  and  of  some 
value  as  warships. 

GERMANY. 

SIEGFRIED  CLASS. 

The  coast-defense  ironclads  Beowulf,  HUdebrand,  and  HeimdaR 
have  been  lengthened  ami  the  work  hastened  to  completion,  in  order 

that  they  may  take  part,  together  with  the  Hagen,  in  this  year's  fleet 
maneuvers,  thus  forming  a  division  of  four  homogeneous  ships.  A 
description  of  the  changes  made  in  these  ships  is  given  on  page  149, 
General  Information  Series  No.  XX. 

liltAMIEMU'UU  (LASS. 

The  budget  for  1902  contains  an  appropriation  for  rebuilding  the 
four  battleships  of  the  Brandenburg  class.  Some  particulars  of  the 
alterations  these  ships  are  to  undergo  have  been  published.  These 
concern  the  structure  and  armament  of  the  vessels,  as  well  as  a  renew- 

ing of  the  old  worn-out  boilers.  All  the  wood  in  the  vessels  will  be 
replaced,  as  far  as  possible,  by  steel,  which  will  be  used,  among  other 

things,  for  the  berths,  chests,  drawers,  and  tables.  The  trial  of  unin- 
flammable wood  on  some  of  the  German  warships  has  not  proved  sat- 

isfactory, as  it  is  found  that  after  a  time  it  rots  and  falls  to  pieces. 
Considerable  changes  will  be  made  in  the  ventilation,  which  was  found 
to  be  very  much  wanting  in  the  expedition  to  China,  in  which  the 

ships  of  the  Brandenburg  class  took  part,  ami  a  cold-storage  plant  will 
be  installed.  When  they  were  designed,  the  submerged  torpedo  tube 
was  in  the  experimental  stage,  and  all  the  tubes  in  these  ships  were 
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placed  above  water;  even  those  in  the  bows,  which  in  older  ships  had 
been  submerged,  were  placed  above  water  for  fear  that  they  would 
otherwise  interfere  with  the  efficacy  of  the  ram.  In  the  transformed 

ships,  all  the  torpedo  tubes  will  be  submerged,  in  spite  of  the  improve- 
ments in  mounting  the  above- water  torpedo  tubes,  which  enable  them 

to  be  moved  through  a  wide  angle  horizontally.  The  protection 
afforded  the  submerged  tube  is  supposed  to  more  than  counterbalance 
the  horizontal  mobility  and  the  power  of  thus  changing  the  direction 

of  discharge.  The  cost  in  connection  with  the  alterations  of  the  tor- 
pedo armament  will  alone  amount  to  $224,000  for  each  ship. 

ITALY. 

The  movement  against  expensive  reconstruction  of  old  ships  and  in 
favor  of  devoting  the  available  funds  to  the  construction  of  new  ships 
instead  appears  to  have  been  successful.  The  plan  of  rebuilding  the 
obsolete  battleships  Duilio  (launched  1876),  Italia  (1880),  and  Lepanto 
( 1 883)  has  been  abandoned.  The  reconstruction  of  the  Dandolo  (1878), 

which  has  cost  about  $2,000,000,  and  on  the  results  of  which  the  rebuild- 
ing of  the  others  was  to  depend,  has  not  transformed  her  into  a  battle- 
ship answering  modern  requirements. 

PORTUGAL. 

VASCO  DA  GAMA. 

This  coast-defense  ironclad,  built  at  Blackwall,  England,  in  1875,  is 
to  be  lengthened  23  feet  8  inches  at  the  works  of  Orlando  Brothers, 

Leghorn,  Italy. 
SWEDEN. 

SVEA,  UOTA,  AND  THULE. 

The  three  coast-defense  battleships,  Svea,  Gota,  and  Thule,  built 
during  the  period  from  1886  to  1892,  which  are  being  remodeled,  will 

be  completed  during  the  spring  of  1902.  In  place  of  the  former  arma- 
ment of  two  9.8-inch  guns  in  a  forward  turret,  and  four  6-inch  guns 

in  unprotected  positions,  they  will  have  an  S. 8-inch  gun  forward,  three 
6-inch  guns  in  each  broadside,  and  a  6-inch  gun  aft,  all  rapid-fire,  and 
each  in  a  separate  armored  turret.  Also  eleven  2.24-inch  K.  V.  guns 
on  the  deck  and  bridges.  The  cost  of  remodeling  the  three  ships 
amounts  to  11,318,560. 

TURKEY. 

HE680UDIEH. 

The  reconstruction  of   this  battleship  has  been  completed  at  the 
Ansaldo  works  in  Genoa. 

Among  the  changes  have  been  the  substitution  of  twin    ore^i     for 
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the  old  single  screw.  With  a  vessel  not  intended  for  twin  screws,  the 
attachment  of  the  stern  brackets  to  a  stern  not  specially  strengthened 
and  constructed  to  receive  them  is  likely  to  be  a  source  of  weakness, 
necessitating  a  stiff  covering  being  fitted  to  the  shafts,  carried  from 

the  V -brackets  to  the  after  ring  of  the  stern  tube,  so  as  to  tie  them 

firmly  to  the  hull  and  prevent  fore-and-aft  motion.  In  the  case  of  the 
JMessoudieh,  advantage  has  been  taken  of  the  existing  screw  opening 
to  bring  the  propellers  close  together,  thus  reducing  the  leverage  as 
much  as  possible.  The  stern  brackets  have  an  extra  breadth  of  base 
attachment  to  the  hull,  and  their  weight  and  that  of  the  stern  shafting 

being  well  supported  by  the  flange  of  the  j_-shaped  bar  at  the  bottom 
of  the  stern  frame,  a  very  rigid  structure  is  the  result,  and  it  was  pos- 

sible to  dispense  with  the  covering  in  of  the  shafts  without  fear  of  any 

undue  vibration,  or  fore-and-aft  movement  of  the  V -frames. 
Both  the  inner  and  outer  bottoms  were  found  to  be  in  most  excel- 

lent condition,  and  the  vessel  was  so  thoroughly  well  built  (by  the 
Thames  Iron  Works,  in  1874)  and  of  such  excellent  material,  that  she 
will  be  a  most  serviceable  ship,  and  good  for  many  years  of  sen  ice. 

The  new  propelling  machinery  consists  of  two  sets  of  triple-expan- 
sion four-cylinder  inverted  engines  of  11,000  horsepower,  the  steam 

being  provided  by  16  water-tube  boilers  of  the  Niclausse  type,  arranged 
in  four  groups  of  four  boilers  each.  Both  engines  and  boilers  have 
been  constructed  by  Ansaldo,  and  it  is  noteworthy  that  this  is  the  first 
set  of  machinery  constructed  in  Italy  the  material  of  which  (with  the 

exception  of  the  large  shafts  and  the  boiler  tube)  has  been  forthcom- 
ing in  the  country  itself,  the  cast  and  malleable  steel,  and  the  malleable 

cast  iron  being  furnished  by  Ansaldo's  new  steel  works,  and  the  special 
bronzes  from  their  yellow  metal  works,  both  situated  at  Cornigliano, 
Ligure. 

The  armament  is  by  Messrs.  Vickers,  Sons  £  Maxim,  Limited,  and 

consists  of  two  9.2-inch  wire  guns  of  45  calibers,  breech-loading; 
twelve  6-inch  wire  Q.  F.  guns  of  45  calibers,  breech-loading;  fourteen 
3-inch  Q.  F.  guns;  ten  Q.  F.  6-pounders;  and  two  3-pounders.  besides 
two  light  boat  guns,  complete,  with  their  carriages. 

The  9.2-inch  guns  are  mounted  on  a  revolving  platform  on  the 
upper  deck,  carrying  a  complete  shield  of  hardened  steel  armor.  6 
inches  thick  at  the  front  and  3  inches  at  the  back  and  sides.  The 

twelve  6-inch  guns  are  placed  in  the  citadel,  and  mounted  on  central 
pivot  carriages  carrying  a  semicircular  shield  of  hardened  steel  of 
armor  4i  inches  thick,  which  completely  closes  the  gun  aperture. 

In  April,  1902,  the  Messoudieh  had  her  trials  under  natural  draft, 
at  Genoa,  when  an  average  speed  of  17.5  knots  was  maintained,  with 
102  to  108  revolutions. 



Section  V. 

COALING  RECORDS. 

ENGLAND. 

CHANNEL  FLEET. 

At  Gibraltar,  during  the  week  ending  September  21,  1901,  the  fol- 
lowing ships  coaled  in  competition,  all  ships  completing  to  full  stowage 

with  the  exception  of  the  Resolution.  The  last  100  tons,  being  diffi- 
cult to  stow,  reduced  the  average: 

Name  of  ship 

Majestic   
St.  George  . . 
Hannibal... 

Jupiter.   
Mars   

Magnificent 

Number 
of  tons 
stowed. 

821 

900 
830 

895 
896 

Average 

tons 

per  hour. 

113. 78 

102. 85 

102. 68 

94.21 
91.89 

83.14 

Name  of  ship. 

Resolution 

Repulse  ... 
Furious   

Arrogant .. 
Minerva. .. 

Pactolus... 

Number 

of  tons 
stowed. 

200 

1,000 
840 

470 

295 

400 

Average 

tons 
per  hour. 

71.85 

71.42 

60.00 
57.55 51.60 

37.20 

CRUISERS. 

The  Indefatigable,  at  Halifax,  took  in  403  tons  of  coal  in  five  and 

one-half  working  hours,  an  average  of  just  over  73  tons  per  hour. 
This  she  claimed  as  a  record  for  her  class  of  cruiser.  The  Tribune, 

a  sister  ship,  claims  to  have  taken  in  420  tons  in  three  hours  and  fifty 

minutes,  average  109;  227  tons  in  two  hours  and  twenty -five  minutes, 
average  94,  and  422  tons  in  three  hours  and  forty-nine  minutes,  aver- 

age 110.  This  is  something  like  a  record  for  cruisers  of  any  kind, 

100  to  110  being  a  fine  performance  for  a  first-class  cruiser.  In  April, 
1902,  the  cruiser  Terrible,  belonging  to  the  China  Squadron,  claimed  to 

have  taken  in  2,500  tons  of  coal  in  nine  and  one-hull'  hours,  an  average 
of  263  tons  an  hour.  The  coal  was  landed  on  the  ship's  deck  by  600 
coolies.      The  ship's  force  put  it  below  and  stowed  it. 

ma{;mfhi:m. 

The  Magnificent,  battleship,  coaled  at  Devonport  f  rem  four  colliers, 
and  surpassed  all  previous  records  for  this  .ship  by  embarking  1, 

of  coitl  iii  less  than  fourteen  working  hours.    The  largest  amount 
taken  on  board  in  a  given  hour  was  200  tons. 

71 
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CjESAR. 

The  battleship  Caesar,  of  the  Mediterranean  Squadron,  completed  a 
very  smart  coaling  operation  in  February,  1902,  having  taken  in  1,477 
tons  in  seven  hours  from  lighters.  Owing  to  an  extra  27  tons  having 
been  sent,  the  average  was  211  tons  an  hour;  otherwise  it  would  have 

been  223  tons.  The  largest  quantity  taken  on  board  in  any  given 
hour  was  260  tons,  this  being  done  twice. 

COALING  AT  SEA. 

During  her  cruise  with  the  Reserve  Squadron  the  battleship  Tra- 
falgar carried  out  some  experiments  for  coaling  warships  at  sea  with 

the  Temperley-Miller  transporter. 
When  the  fleet  left  Portland,  the  Trafalgar  took  in  tow  the  collier 

Muriel,  the  apparatus  having  been  fitted  up  on  that  vessel.  At  a 
speed  of  about  10  knots  the  course  was  altered  several  times  to  test  the 
strain  on  the  cable  way,  and  then  the  coaling  began.  During  this 
operation  the  squadron  of  17  ships,  in  two  lines,  passed  on  either  side 
of  the  Trafalgar  and  the  Muriel  to  afford  the  officers  an  opportunity 
of  witnessing  the  work,  and  a  few  days  later  the  experiment  was 
repeated.  As  it  was  not  considered  advisable  to  interfere  with  the 

programme  of  the  cruise,  it  was  not  necessary  to  complete  the  coaling 
of  the  battleship,  but  the  trial  was  rather  intended  to  test  the  practical 
working  of  the  machinery,  and  at  each  trial  coal  was  transshipped  at 

the  rate  of  35  tons  an  hour.  When  the  squadron  left  Jersey.  Vice- 
Admiral  Noel  directed  the  experiment  to  be  made  with  the  Empress  of 
India,  and  the  gear  was  transferred  from  the  Trafalgar  to  that  ship 
and  expeditiously  erected.  The  experiment  was  a  highly  practical  one. 
As  soon  as  the  battleship  had  taken  the  collier  in  tow,  the  former 
steamed  ahead  at  10  or  11  knots,  and  during  this  part  of  the  test  she 
suddenly  altered  course  8  points,  and  the  towing  line  and  cable  way 
answered  so  well  that  not  a  strand  gave  out.  Coaling  then  took  place, 

and  21  tons  were  transferred  in  thirty-three  minutes,  giving  a  rate  of 
40  tons  an  hour.     There  was  a  moderate  sea  and  wind  at  the  time. 

FRANCE. 

The  official  report  recently  published  on  the  coaling  operations  of 
the  French  maneuver  fleet  in  Toulon  Harbor,  August  11  to  14,  1901,  is 
instructive  and  shows  how  important  such  exercises  are  as  a  preparation 
for  actual  war. 

The  French  Squadron  was  to  take  on  15,000  tons  of  coal  in  all, 
namely,  the  battleships  7,800  tons,  the  armored  cruisers  4.700,  the 

small  cruisers  2,250,  and  the  torpedo  boats  250.  As  the  coaling  opera- 
tions were  to  take  place  under  war  conditions,  the  whole  personnel 

of   the  Toulon  Navy-Yard,  all  available  tugs  and  lighters,  and  all 
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the  apparatus  in  the  harbor  were  placed  at  the  disposal  of  the  fleet, 
and  the  requirement  was  made  that  all  necessary  supplies,  including 

provisions,  were  to  be  taken  on  board  inside  of  three  da}Ts.  More- 
over, Admiral  Geiwais,  in  order  to  stimulate  the  zeal  of  the  men  for 

this  important  operation,  had  issued  a  circular  letter  calling  attention 
to  the  results  attained  in  England  in  coaling  warships,  and  mentioning 
particularly  the  performance  of  the  Majestic,  whose  crew  took  in 
1,070  tons  of  coal  in  five  hours  and  seventeen  minutes,  or  203  tons  an 
hour.  This  had  the  desired  effect,  for  all  the  reports  state  that  the 
conduct  of  officers  and  men  was  exemplary  and  that  their  efforts 
showed  plainly  their  desire  to  come  up  to  the  English  precedent.  But, 
on  the  other  hand,  the  operations  demonstrated  that  the  ships  were 

not  properly  equipped  for  coaling  and  that  the  resources  of  the  har- 
bor were  inadequate  for  that  purpose.  In  the  first  place,  the  coaling 

scuttles  of  the  different  ships  were  not  numerous  enough  and  were  too 
small  in  diameter,  and  the  approaches  of  the  coal  bunkers  too  narrow 

and  as  inconvenient  as  possible.  Temperle}^  transporters  were  lacking 

entirely.  The  lighters  had  no  machinery  of  any  kind  for  conveying' 
coal  on  board,  so  that  the  whole  work  had  to  be  performed  by  hand. 
Besides,  there  were  neither  enough  lighters  nor  coaling  piers. 

As  the  result  of  these  conditions  7  coal  lighters  will  be  built  at  once, 
new  cranes  will  be  erected  of  a  capacity  of  at  least  3,000  tons,  and  a 
large  number  of  coaling  piers  will  be  constructed,  so  that  in  future  a 

squadron  of  45  vessels  will  be  able  to  coal  in  forty -eight  hours. 
It  is  but  natural  that  under  the  prevailing  circumstances  the  coal- 

ing proceeded  but  slowly,  notwithstanding  the  zeal  of  the  men,  and 
that  on  an  average  not  over  100  tons  an  hour  could  be  taken  on  board 
by  each  ship.  The  best  performances  were  those  of  the  St.  Louis, 

Gaulow,  and  Massena,  the  first-named  ship  making  the  highest  record, 
160  tons  an  hour.  To  facilitate  the  coaling,  an  order  was  finally 
issued  for  part  of  the  armored  cruisers  and  all  of  the  smaller  vessels 

to  go  alongside  the  piers  at  the  coal  depot  and  to  return  to  their  respec- 
tive anchorages  as  soon  as  they  had  taken  their  supply  on  board. 

The  following  is  a   resume  of  the    results   obtained   by  the   battle 
ships  of  the  Mediterranean  Squadron: 

Vessel, 
Quantity. 

Time. 
i00 

i  .(i 

i  .(i 
1    ><> 

It.     in. 

S       (i 
GftuloUi   2      M 

;i      in 

uiliirrv   

i       i> Bouvel                                                                        
1         10 

Oharla  Martel. . . i 

Of  the  Northern  Squadron,  the  <  <>a-t  defense  battleship  Bonvi 
heads  the  li -t  w itli  l  lo  tons. 
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The  operations  referred  to,  owing  to  the  above-mentioned  inade- 
quate conditions,  could  not  be  completed  within  the  time  specified;  an 

additional  day  had  to  be  used  to  take  provisions  on  board. 

GERMANY. 

On  April  11,  the  battleship  Kaiser  Barharossa,  while  coaling,  took 
on  an  average  of  280  tons  an  hour.  This  performance  establishes  a 
new  record. 



Section  VI. 

MARINE  CASUALTIES. 

CHINA. 

Kai-Chi. — The  Chinese  cruiser  Kai-  Chi  was  destroyed,  while  in  the 
Yangtze  River,  by  an  explosion  in  the  magazine,  on  June  21,  1902. 
One  hundred  and  fifty  officers  and  men  were  drowned. 

DENMARK. 

Moen. — During  some  experimental  firing  with  a  new  shell  containing 
a  high  explosive,  carried  out  on  the  Danish  gunboat  Moen,  in  the  Sound, 
on  September  30T  1901,  an  explosion  occurred.  The  vessel  sank 
immediately.  There  was  no  loss  of  life,  as  the  whole  crew  of  the  Moen 
had  previously  been,  as  a  precaution,  transferred  to  another  ship. 

ENGLAND. 

Irresistible. — About  2.30  o'clock  on  the  morning  of  March  3,  1902, 
during  a  thick  fog,  when  the  battleship  Irresistible  was  off  Beachy  Head, 

lights  were  seen  ahead  and  the  Irresistible' s  engines  were  reversed.  The 
strange  ship  followed  suit,  but  they  could  not  clear.  The  Irresistible 
struck  the  other  vessel  on  the  starboard  side,  denting  several  plates, 
while  some  of  her  own  deck  gear  was  carried  away.  The  vessel,  which 

proved  to  be  the  Dutch  cargo  boat  Clive,  from  Cherbourg  to  Rotter- 
dam, was  apparently  not  seriously  hurt,  for  she  signaled  she  was  able 

to  go  on  without  assistance,  asking  if  the  Irresistible  wanted  help. 
The  vessels  then  proceeded  and  the  Irresistible  came  on  to  Portsmouth 
to  make  good  defects. 

Formidable. — On  April  28, 1902,  while  hoisting  in  boats,  on  the  battle- 
ship Formidable,  the  5.5-inch  wire  topping-lift  of  the  main  derrick 

jumped  out  of  a  10-hundred  weight  iron  snatch  block,  and  swept  across 
the  deck,  killing  the  gunnery  lieutenant  and  a  petty  officer. 

Mars. — On  April  15, 1902,  while  at  gun  practice,  a  misfire  took  place  in 
both  the  forward  12-inch  barbette  guns  of  the  battleship  Mars.  Orders 
were  given  to  use  the  auxiliary  tiring  circuit.  Four  minutes  later  an 
explosion  took  place  in  the  port  gun  by  wiiieli  the  breechblock  was 

blown  to  the  rear,  the  projectile  remaining  in  the  gun.    The  starboard 
gun  remained  un  fired.     Two  officers  and  nine  men  were  killed;  a  mid 

shipman,  and  6  petty  officers  and  seamen  were  injured. 
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Amphitrite. — While  homeward  bound,  the  cruiser  Amphitrite  went 
ashore  in  Suez  Bay  on  February  7, 1902,  but  was  floated  with  the  tide 

next  day  and  entered  the  canal. 

Condor. — The  sloop  Condor,  which  left  Esquimalt  and  was  due  at 
Honolulu  December  15,  1901,  has  not  been  heard  of  since.  Floating 

wreckage  has  been  picked  up  along  the  coast  of  British  Columbia,  and 

it  is  supposed  that  the  ship  foundered  in  that  vicinity. 

Euryalus. — In  order  to  make  good  the  damage  caused  by  fire  while 

alongside  a  jetty  at  Barrow-in-Furness  the  first-class  cruiser  Euryalus 
was  sent  to  Birkenhead  to  be  docked.  The  dock  in  which  the  vessel  was 

placed  not  being  sufficiently  long  to  receive  her,  temporary  gates  had  to 

be  built  up  in  place  of  the  ordinary  caisson  in  order  to  give  the  required 

length.  This  work  could  only  be  performed  at  low  water.  To  insure 

the  ship  remaining  on  the  blocks  at  high  water  while  the  dam  was 

being  built,  the  whole  of  the  double  bottom  of  the  ship  and  other 

parts  were  flooded  with  more  than  2,000  tons  of  water.  On  the  morn- 
ing of  August  7,  1901,  a  tremendous  crash  was  heard  which  shook  the 

whole  works,  and  the  Euryalus  was  seen  to  slide  as  if  she  were  being 

launched,  the  blocks  upon  which  she  was  resting  apparently  turning 

over.  The  vessel  had  dropped  nearly  4  feet  to  the  bottom  of  the 

dock  and  had  moved  about  6  feet  to  seaward.  A  survey  of  the  dam- 
ages showed  that  all  her  boilers  must  be  taken  out,  that  the  vertical 

keel  was  greatly  distorted,  that  all  the  inner  and  outer  bottom,  plat- 
ing and  frame,  from  the  stem  to  the  engine  room,  must  be  renewed, 

that  a  new  wood  keel  was  necessary,  and  that  the  bottom  sheathing 
must  be  removed  and  refastened. 

Crescent. — The  first-class  protected  cruiser  Orescent  stranded  on  some 
sands  near  Antigua.  West  Indies,  January  13,  1902,  but  was  floated 

again  without  damage. 

Indefatigable. — The  cruiser  Indefatigable,  a  vessel  of  7.000  tons,  was 
aground  on  the  rocks  near  Quebec,  Canada.  September  18,  1901,  at  low 

tide.  She  got  off  at  high  tide,  and.  as  she  was  reported  to  be  Leaking 

badly,  she  was  ordered  into  dry  dock  at  Quebec  for  repairs. 

Mersey. — The  cruiser  Merseyleft  Sheerness  July  L7. 1901,  to  undergo 
an  hour's  steam  trial,  but  stranded  near  the  Nore.  She  was  floated 
without  assistance. 

Egeria. — The  British  gunboat  Egeria,  while  engaged  in  searching  for 
the  Condor,  was  ashore  at  Clayoquot,  British  Columbia,  but  afterwards 

got  off  undamaged. 

Cobra. — The  new  torpedo-boat  destroyer  Cobra,  built  by  Messrs. 
[Armstrong,  Whitworth  &Co.,at  Elswick,  and  engined  by  the  Parsons 
Marine  Steam  Turbine  Company,  while  proceeding  from  the  Tvne  to 

Portsmouth,  foundered  in  the  North  Sea  on  September  18.  1901.  She 

was  in  command  of  a  lieutenant,  who  had  under  his  command  a  navigat- 

ing party  of  5-1  men.    There  were  also  25  other  persons  on  board,  includ- 
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ing  the  chief  engineer  of  the  Elswick  yard  and  the  manager  of  the 

Parsons  Company.  The  only  survivors  were  the  chief  engineer  and 
10  seamen  of  the  Cobra,  and  2  fitters  in  the  Parsons  works. 

The  Cobra  buckled  up  and  broke  into  amidships.  The  court  of 

inquiry,  convened  to  inquire  into  the  cause  of  the  Cobra's  loss,  came 
to  the  conclusion  that  she  did  not  touch  the  ground  nor  meet  with  any 
obstruction,  but  that  it  was  due  to  structural  weakness.  The  court  also 

found  that  the  Cobra  was  weaker  than  other  destroyers,  and  expressed 

regret  that  she  had  been  purchased  by  the  English  Government. 

Viper. — The  torpedo-boat  destroyer  Viper,  a  34-knot  boat  fitted  with 

Parson's  turbine  machinery,  was  wrecked  on  August  3,  1901,  while 
engaged  in  scouting  duty  during  the  fleet  maneuvers.  She  ran  on 

Renonquet  Rock,  near  Alderney,  while  in  a  fog,  and  became  a  total 
loss.     The  officers  and  crew  were  rescued. 

Angler. — During  the  trials  of  the  Medway  destroyer  instructional 
flotilla,  on  October  3, 1901,  while  the  vessels  were  rounding  the  Tongue 

lightship  off  Margate,  the  30-knot  destroyer  Angler  and  the  27-knot 
destroyer  Salmon  collided.  Both  vessels  were  able  to  proceed  to  Sheer- 
ness,  where  they  were  docked  and  the  damages  found  to  consist  in  the 

Angler,  of  a  rent  for  about  6  feet  on  the  starboard  side,  the  side  being- 
broken  through  for  about  1  foot,  and  one  of  her  plates  fractured,  with 

slight  damage  also  to  stanchions  and  above- water  fittings,  while  in  the 
Sal nl on  the  damage  was  chiefly  on  the  port  side,  she  being  bulged  in 
for  about  6  feet,  one  of  her  propellers  being  torn  off  and  lost,  and  the 

other  damaged.  The  damaged  part  of  the  Angler  was  about  2  feet 

out  of  water,  but  the  indentation  of  the  Salmon  was  just  above  the 
water  line. 

On  October  30  the  Angler  was  struck,  during  a  strong  gale  off  Har- 

wich,  by  the  Great  Eastern  Railway  Company's  steamer  Suffolk.  The 
steamer  struck  the  Angler  a  sliding  blow  on  her  bow  and  seriously 

damaged  her  stem. 

Crane. — On  October  9,  1901,  while  the  torpedo-boat  destroyer  Crane 
WQS  on  her  way  from  Portsmouth  to  Portland,  a  buckling  of  the  deck 

beams  amidships  was  observed  in  the  engine  room.  The  ship  was  at 
once  turned  round  and  headed  back  to  Portsmouth,  wherean  examina- 

tion was  made  which  showed  that  in  sagging  between  the  waves  the  deck 

beams  had   been   bent   amidships.     The  general  opinion  of  experts  is 
thai    the   injury    was   the    result    of    an    old   defect    rather    than    a    new 
development. 

Dragon.  The  torpedo-boat,  destroyer  Dragon  collided  with  the  gun- 
boat Harrier,  October  L9,  L901,  and  sustained  damages  to  her  bows 

and  stem.     The  accident  took  place  near  Malta. 
Electra.  Dining  a  thick  fog.  on  October  23,  L901,  the  torpedo  boat 

destroyer  Electra,  forming  a  part  of  the  reserve  fleei  then  oil  the 
northeast  coast  of  England,  collided  with  an  unknown  vessel,  and  had 
her  bows  almost  entirely  shattered. 
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Fairy. — While  taking  up  her  moorings  in  the  Hamoaze  on  September 
28,  1901,  a  serious  accident  befell  the  torpedo-boat  destroyer  Fairy. 
She  had  secured  her  bow  cable  and  was  making  fast  to  the  stern  buoy, 
when  the  Vigilant,  another  destroyer,  ran  into  her,  smashing  the 

Fairy's  cutter  to  pieces  and  knocking  overboard  a  petty  officer  and 
several  men,  one  of  the  latter  receiving  serious  internal  injuries. 

The  Fairy' s  forequarter  was  dented,  her  port  propeller  guard 
smashed,  and  her  port  shaft  bent.  The  mishap  was  attributed  to  the 
failure  of  the  Vigilanfs  steering  gear. 

Ostrich. — When  the  torpedo-boat  destroyer  Ostrich  was  returning 
from  the  Hamoaze  at  Devonport,  on  October  17, 1901,  she  collided  with 
the  hulk  Monmouth,  Two  of  her  funnels  were  knocked  over,  her 

anchor  bracket  was  carried  away,  and  a  quantity  of  plating  was  stripped 
off  the  starboard  bow.    Very  little  damage  was  done  to  the  Monmouth. 

Porcupine. — When  getting  under  way  from  her  moorings  at  Green- 
hithe,  on  October  22,  1901,  the  torpedo  boat  Porcupine  collided  with 
the  hospital  ship  Fgidia,  belonging  to  the  training  ship  Worcester, 
and  did  extensive  damage  to  her  own  stern  and  to  the  port  quarter 
and  side  of  the  hospital  ship. 

Salmon. — The  torpedo-boat  destroyer  Salmon  collided  with  the 
Angler  on  October  3,  1901.     For  details,  see  Angler. 

On  the  night  of  December  2,  the  Salmon  collided  with  the  Great 

Eastern  Railway's  Channel  steamer  Cambridge,  off  Harwich,  Essex. 
Most  of  the  crew  of  the  Salmon  got  aboard  the  Cambridge,  which  suc- 

ceeded in  grounding  the  Salmon  in  a  sinking  condition.  Later  the 
Salmon  was  towed  into  Harwich  by  the  Trinity  steamer  Satellite.  One 
of  her  sides  was  stove  in  and  her  deck  forced  up. 

Spiteful. — While  with  the  reserve  fleet,  off  the  northeast  coast  of 
England,  on  October  23,  1901,  the  torpedo-boat  destroyer  Spiteful 
had  a  collision  with  the  Petrel,  twisting  her  stem  and  having  her  bow  > 
partly  torn  away.     The  PetreVs  injuries  were  slight. 

Star. — While  entering  Albert  Harbor,  near  Greenock,  on  the  night 
of  September  15,  1901,  the  torpedo-boat  destroyer  Star  struck  the 
entrance  and  had  her  stem  twisted. 

Tiger. — The  torpedo-boat  destroyer  Tiger  had  a  collision  off  Scilly 
with  the  collier  Swiftmre  about  July  24,  1901.  All  her  bows  were 
smashed  in,  and  she  had  to  be  docked  at  Liverpool  in  order  to  make 
repairs. 

Wizard. — A  collision  took  place  in  Portsmouth  Harbor  on  the  night 
of  September  10,  1901,  between  the  torpedo-boat  destroyer  Wizard 
and  the  steamboat  Duchess  of  Alhany.  The  Wizards  stem  \\;is 
broken,  and  her  bow7  so  much  indented  that  she  had  to  be  docked. 

Another  accident  befell  this  ship  during  the  first  part  of  December. 
While  steaming  out  from  Portsmouth,  she  collided  with  a  passenger 
steamer  and  was  badly  damaged.  Her  bows  were  stove  in.  but  she 
managed  to  regain  the  harbor. 
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Vigilant. — The  torpedo-boat  destroyer  Vigilant  ran  into  the  Fairy 
in  the  Hamoaze  on  September  28,  1901.     For  details,  see  Fairy. 

Vulture. — The  torpedo-boat  destroyer  Vulture  returned  to  Ports- 
mouth on  October  12,  1901,  with  her  decks  buckled  up  through  being 

caught  in  heavy  seas.  The  buckling  was  on  the  upper  deck,  and  for- 
tunately the  keel  plate  was  not  broken.  The  accident  occurred  outside 

the  Needles. 

Recruit. — During  a  dense  fog  on  the  morning  of  May  27,  1902,  the 
torpedo-boat  destroyer  Recruit  ran  on  the  Venick  Rocks,  to  the  north 
of  Cape  Cornwall.  Shortly  after  noon  she  floated  off  unaided,  and  was 

towed  to  Penzance  by  the  tug  Triton  of  Falmouth. 

No.  14. — Torpedo  boat  No.  14  went  aground  on  the  Warden  Ledge, 
near  the  Needles,  during  some  searchlight  operations  on  the  night  of 

September  12,  1901.  The  boat  was  lightened  on  the  rock  and  towed 
into  the  harbor,  where  she  was  docked  for  repairs.  Several  of  her  ribs 

and  rivets  were  started,  but  otherwise  she  was  not  seriously  damaged. 
The  accident  was  attributed  to  the  lookout  being  unable  to  see  ahead 

after  remaining  too  long  under  the  searchlight. 

No.  81. — During  the  maneuvers  on  August  1,  1901,  torpedo  boat 
No.  81  struck  the  submerged  ruins  of  Alderney  Breakwater  during 

low  tide,  sustaining  serious  damages,  from  which  she  sank  after  gain- 
ing the  harbor  and  transferring  her  guns,  ammunition,  etc.,  to  a  freight 

steamer.     Later  she  was  successfully  raised. 

FRANCE. 

Bouvet. — While  the  battleship  Bouvet  was  maneuvering  off  Toulon, 
her  main  shaft  broke  and  she  was  brought  into  port  in  a  disabled  con- 
dition. 

Indomptable. — At  the  commencement  of  the  trials  of  the  Indomptable^ 
Jitter  extensive  repairs,  she  came  in  collision  with  an  Italian  schooner, 

in  February,  1902.  The  collision  was  due  to  defective  steering  gear. 

The  captain  of  the  Indomptable  is  said  to  have  declared  that  if  the 
squadron  had  been  in  the  harbor  he  would  not  have  dared  to  try  to 

leave  the  port,  in  consequence  of  her  bad  steering. 

Triton. — A  serious  accident  to  the  French  submarine  Triton,  at  Cher- 

bourg, was  reported  in  November,  1901.  It  appears  that  the  vessel 
plunged  too  rapidly,  struck  the  bottom  and  sustained  considerable 

damage.  Water  began  to  flow  in  very  rapidly,  but  the  engineer 
ordered  the  detachable  weights  to  be  cast  adrift,  and  the  boat  rose  to 

the  surface,  though  none  too  soon.     The  pumps  were  started,  and  a 
tug  pulled  the  vessel  into  the  arsenal. 

Gustave  Zede.    On  April  :;<>.  L902,  during  night  attack  exercise,  the 
submarine  Chista/ue  Z<</,.  which  came  out  of  Toulon  to  endeavor  to 

torpedo  the  Jaureguiberry  ran  ashore.     Her  position  was  critical,  but 

uith  tin  tance  <»i"  a  tug  she  was  refloated,     sin-  lost  a  torpedo  and 
m  portion  of  her  under  water  titt ins 
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No.  124. — In  the  course  of  the  maneuvers  off  the  coast  of  Corsica  on 

the  night  of  September  17, 1901,  the  French  torpedo  boat  No.  124  was 

run  into  by  another  torpedo  boat,  No.  139,  and  sank  an  hour  after- 
wards.    The  crew  were  all  saved. 

No.  164. — On  May  4,  1902,  torpedo  boat  No.  164,  in  leaving  the 
arsenal  at  Cherbourg,  ran  against  the  pierhead  of  the  outer  harbor, 

and  damaged  her  bow  plate  for  a  length  of  6  feet.  The  accident  was 

due  to  the  parting  of  her  wheel  ropes. 

No.  208. — On  the  night  of  September  28,  1901,  a  serious  explosion 
took  place  on  torpedo  boat  No.  208,  which  was  out  for  practice.  Orders 
had  been  given  to  force  the  fires.  One  of  the  firemen  took  a  shovel, 

filled  it  with  coal,  and  threw  the  coal  into  one  of  the  furnaces.  At  the 

same  instant  another  fireman  opened  the  hatch  leading  to  the  deck. 

The  inrush  of  cold  air  caused  such  a  rapid  change  of  temperature  that 

one  of  the  boiler  tubes  exploded.  Five  men  in  the  fire  room  were 

badly  scalded  by  the  escaping  steam.  A  petty  officer  died  as  soon  as 
he  was  taken  ashore. 

No.  216. — In  July,  1901,  a  collision  took  place  off  Toulon  between 
torpedo  boats  No.  216  and  No.  217.  The  former  was  hit  amidships, 

above  the  machinery  space,  but  the  bunkers  being  full  of  coal  the 

effect  on  the  hull  was  weakened.  No.  217  had  her  bow  completely 

twisted.  No.  216  made  water  very  fast,  but  was  rescued  by  No.  220, 
which  towed  her  back  to  Toulon. 

GERMANY. 

Amazone. — On  the  morning  of  May  24,  1902,  while  cruising  in  the 
squadron,  off  the  Irish  coast,  the  battleship  Kaiser  Wtlhelm  //collided 

with  the  cruiser  Amazone  in  a  fog.  The  ram  of  the  Kaist  r  struck  the 

Amazone  on  the  starboard  bow.  tearing  open  the  side  up  to  the  rail. 

The  broadside  torpedo  room  was  flooded,  and  some  of  the  forward 

compartments  injured.  The  Amazone  remained  with  the  squadron 

until  they  arrived  off  Heligoland,  when  she  proceeded  to  Kiel  for 

repairs. 

Ariadne. — On  July  11,  1901,  while  making  speed  trials  under  forced 
draft,  an  explosion  took  place  in  one  of  the  forward  boilers  of  the 

cruiser  Ariadne.  These  boilers  are  of  the  Shulz-Thorny croft  type, 
and  have  several  hundred  small  tubes  with  an  internal  diameter  of 

from  1.3  to  1.5  inches,  and  a  thickness  of  from  0.13  to  0.15  inch.  By 

the  explosion  70  tubes  were  damaged,  39  tubes  were  blown  out  of  the 

superheater,  26  were  partially  blown  out.  and  5  were  blown  in.  Six 

men  were  injured  by  the  explosion,  two  of  whom  subsequently  died. 

iEgir. — While  the  German  coast-defense  ship  JEgir  was  about  to  get 

under  way  from  her  buo}T  in  the  harbor  of  Kiel,  early  on  the  morning 
of  August  6,  1901,  several  tubes  in  a  Thornycroft  boiler  exploded,  and 

5  men  were  injured,  though  none  of  them  seriously.     The  ̂ Egir  pro- 
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oeeded  immediately  to  the  navy-yard-     The  boilers  were  comparatively 
new.  and  the  cause  of  the  accident  was  believed  to  be  a  lack  of  water 

in  some  of  the  tubes. 

Blucher. — On  the  evening  of  March  2,  1902,  the  German  school-ship 
Blucher,  during  a  dense  fog,  ran  against  the  bastion  of  the  Flensburg 
wharf,  and  sank  in  consequence  of  the  injuries  received.  No  lives 

were  lost,  and  the  work  of  raising  the  ship  was  begun  at  once\ 

Klirfurst  Friedrich  Wilhelm. — While  executing  maneuvers  under 
battle  eonditions  in  the  outer  harbor  of  Kiel  on  the  evening  of  June 

11,  1902,  the  Kurfurst  Fried/rich  Wilhelm  was  assumed  to  have  been 

put  out  of  action,  and  was  to  be  towed  out  of  the  battle  line  by  the 

Weissenlmrg.  The  Kurfurst  Friedrich  Wilhelm  had  already  stopped 

her  engines,  and  was  awaiting  the  approach  of  the  Weissenburg  to 
throw  her  a  towline.  The  steering  gear  of  the  Weissenburg  failed  to 

work,  and  when  the  ships  were  about  20  yards  apart  it  became  evident 

that  a  collision  was  imminent.  All  of  the  water-tight  doors  on  board 
the  Kurfurst  Friedrich  Wilhelm  were  speedily  closed,  and  the  engines 

of  the  Weissenburg  were  reversed.  The  ram  of  the  Weissenburg  entered 

the  plating  of  the  Kurfurst  Friedrich  Wilhelm,  and  compartment  6 

was  instantl}^  Hooded.  The  injured  ship  heeled  3  degrees  to  port. 

The  Wewsenburg's  ram  was  bent,  and  some  water  entered  the  collision 
bulkhead.     Both  ships  were  docked  for  repairs. 

Wacht.  The  German  cruiser  Wacht  collided  with  the  battleship  Sach- 
sen  during  the  fleet  maneuvers  September  4, 1901,  and  was  sunk.  All 

hands  were  saved.  The  weather  was  fine,  but  there  was  consider- 
able sea. 

It  appears  that  the  fleet  was  in  double  column,  in  two  squadrons. 

The  Wacht  was  acting  as  repeating  vessel,  and  was  on  the  port  flank 
of  the  second  or  port  column.  The  signal  was  made  to  change  Hanks. 
For  this  the  second  squadron  had  to  pass  through  the  ships  of  the  first 

squadron,  turning  eight  points  to  starboard  first,  and  then  resuming 

course  when  in  new  position  on  the  starboard  Hank  of  the  first  column. 

The  Wacht  had  to  pass  through  the  intervals  of  both  columns  in  order 

to  take  her  new  position  on  the  starboard  flank  of  the  second  squadron, 

to  which  the  Wacht  belonged.  The  licet  was  steaming  probably  at 

about  !>  knots.  Ships  and  columns  Acre  328  yards  apart.  The  Wacht 

ed  through  the  intervals  of  i  e  firsi  squadron,  hut  in  trying  to 
between  the  Sachsen  and   Wewsemhurg  the  steering  gear  failed, 

and  she  was  struck    by  the  rain  of  the  Sachsen  and   sank  in  thirty  two 
minutes.    The  blow  was  on  her  starboard  side,  between  the  engine 

and  tire  rooms.  The  Sachs, ,,  at  the  time  was  turning  to  port  to  take 

the    new  course  with    the   column  of   the    second    squadron  On  the  star 

board  Hank  of  the  licet.     Both  ships  reversed  engines  when  collision 
imminent,  hut  it   was  too  late. 

The  -t'iiin  steering  gear  of  the  Wacht  had  been  previously  disabled 
1800    02 
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and  temporarily  repaired  just  before  she  left  for  Kiel  for  the  maneu- 

vers, but  it  failed  again.  At  this  time  hand-steering  gear  was  in  use, 
and  nine  men  sprang  to  the  wheel,  but  they  were  not  able  to  move  the 
rudder  more  than  8  degrees. 

The  ship  sank,  bows  first,  in  25  fathoms  of  water,  after  the  Weissem- 
hurg  had  started  to  tow  her  into  shoal  water  on  Adler  Shoal,  near  the 
scene  of  collision. 

No.  76.  During  the  maneuvers,  torpedo  boat  No.  76,  of  150  tons  and  25 
knots,  sank,  taking  down  with  her  three  men  of  the  crew.  Two  of 
them  were  able  to  escape  from  the  vessel,  but  the  third  was  drowned. 

S-32.  On  April  10, 1902,  at  10  o'clock  p.  m. ,  while  the  torpedo-boat  divi- 
sion of  the  training  fleet,  S-8,  S-32,  and  S-37,  was  proceeding  to  the 

eastern  Baltic,  S-32  collided  with  the  schooner  Odin,  off  the  island  of 
Moen.  The  schooner  sank  at  once;  her  crew  of  three  men  was 

rescued  and  taken  to  Kiel.  S-32  was  considerably  injured  and  has 
gone  to  the  dockyard  for  repairs. 

S-42.  The  German  torpedo  boat  S— 12  was  run  down  and  sunk  by  the 
British  steamer  Firsby,  at  the  mouth  of  the  Elbe,  on  the  night  of 
June  24, 1902.  The  night  was  somewhat  cloudy,  but  there  was  no  fog, 
and  the  lights  of  both  vessels  were  burning  brightly.  The  boat  sank 
in  about  five  minutes  after  the  collision,  and  the  commanding  officer 
with  three  of  the  crew  were  drowned. 

ITALY. 

Andrea  Doria.  The  Italian  battleship  AndreaDoria  went  ashore  near 
Gallipoli  on  June  28,  1901,  but  was  refloated  July  3,  without  having 
sustained  serious  damages. 

Stromboli.  In  July,  1901,  the  Italian  cruiser  Stromboli  ran  aground 
in  the  river  about  half  a  mile  below  the  Cosmopolitan  Dock,  Shanghai. 

Freccia.  While  endeavoring  to  enter  Dover  Harbor  on  the  morning  of 

August  13,  1901,  the  Italian  torpedo  boat  Frecc'm  came  into  collision 
with  the  Admiralty  pier  and  sustained  severe  injuries  to  her  stem  and 
her  plates  below  the  water  line.  She  was  taken  into  the  Granville 
dock  to  be  repaired. 

JAPAN. 

Musashi.  While  at  anchor  at  Nemuro,  Hokkaido,  on  May  1, 1902,  the 
Japanese  gunboat  Musashi  parted  her  cables  during  a  storm  and  was 
blown  on  the  rocks.  Her  keel  was  badly  damaged  and  her  hold  was  soon 
filled  with  water.  The  crew  were  compelled  to  abandon  her.  and  it  is 
thought  that  it  will  be  impossible  to  float  her. 

Yaeyama.  While  going  to  the  assistance  of  the  Musashi,  the  third- 
class  cruiser  Yaeyama  ran  aground  off  Nemuro  and  sank.  When  last 
reported  her  upper  deck  was  awash,  the  crew  had  left  the  ship  for  a 
provisionary  barrack  ashore,  and  there  was  little  hope  of  floating  her. 
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RUSSIA. 

Peresviet.  The  cruiser  Peresviet  arrived  at  Cronstadt  October  28, 
1901,  took  on  board  800  tons  of  coal,  and  sailed  for  Cherbourg  from  Kiel 
on  October  31.  She  stranded  on  the  northern  extremity  of  the  island  of 
Langeland  November  1,  but  was  got  off  with  assistance  from  a  Svitzer 
steamer  on  the  morning  of  the  2d,  and  continued  her  voyage  for 
Nyborg  and  Cherbourg. 

Forel.  About  November  28,  1901,  the  Russian  torpedo  boat  Forel, 

while  going  from  Kiel  to  Havre,  grounded  near  Oste  light-ship,  but 
was  got  off  without  assistance.     Her  rudder  was  damaged. 

SPAIN. 

Condor.  During  the  latter  part  of  January,  1902,  a  boiler  explosion 
occurred  on  board  the  Spanish  gunboat  Condor,  causing  the  death  of  the 

vessel's  two  engineers  and  a  seaman.  The  officers  and  men  numbered  22, 
of  whom  10,  including  the  commander,  appear  to  have  been  seriously 
injured.  The  two  engineers  were  blown  to  pieces.  The  explosion  is 
attributed  to  the  bad  condition  of  the  boilers,  which  formerly  belonged 
to  a  torpedo  boat  now  out  of  commission,  and  the  men  had  repeatedly 
protested  against  their  use.  At  the  time  of  the  explosion  the  Condor 
was  engaged  in  pursuing  some  fishing  boats  in  the  bay  at  Vigo,  and 
had  been  compelled  to  put  on  extra  pressure  of  steam. 

Rio  de  la  Plata.  On  August  26,  1901,  at  Bilbao,  during  a  gale,  the 
battleship  Pelayo  parted  her  cables  from  the  violence  of  the  wind  and 
fouled  the  cruiser  Bio  de  la  Plata,  causing  her  serious  injuries. 
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NOTES  ON  ORDNANCE  AND  ARMOR. 

By  Lieutenant  Louis  M.  Nulton,  United  States  Navy, 

Staff  Intelligence  Officer. 

Section  I. 

GUNS  AND  MOUNTS. 

MODERN  NAVAL  ORDNANCE. 

The  following  interesting  paper,  a  review  of  modern  naval  ordnance, 

read  before  the  Institution  of  Mechanical  Engineers  by  Lieut.  T.  A. 
Dawson,  ordnance  engineer  of  Vickers  Sons  &  Maxim,  is  inserted  at 

length.  The  illustrations  are  reproduced  from  the  excellent  cuts  of 

Engineering. 

Some  of  the  gun  mounts  have  been  described  in  previous  numbers 

of  the  publications  of  the  Office  of  Naval  Intelligence,  but  are  again 

published  to  facilitate  the  reading  of  the  paper. 

The  paper  is  an  exposition  of  the  present  condition  of  the  develop- 
ment of  naval  ordnance: 

The  urgent  Lesson  taught  by  recent  naval  warfare  is  the  clamant  need  for  quick- 
firing,  high-powered  guns,  well  protected  by  armor  of  the  highest  resisting  quality. 
There  is  no  need  to  enforce  the  importance  of  long  range;  any  ship  with  this  advan- 

tage can  "play"  with  a  better  or  equally  armored  vessel  having  artillery  of  less 
power;  and  as  to  gUIl  protection,  it  may  ho  recalled  that  when  tin'  American  ships 
attacked  Cervera's  fleet  in  their  ill-fated  rush  from  Santiago  the  Spanish  crews  were 
driven  from  their  gun  positions  by  a  hail  of  1  and  2  pounder  shot,  while  the  ships 

and  their  deck    structures    were    pounded    by   the  (i-inch  quick  fuels  and   the  larger 
breechloaders  ol  their  opponents.  Had  the  Spanish  gun  positions  been  adequately 
protected,  and  their  gunners  enabled  to  continue  fighting  their  weapons,  there  would 
have  been  a  less  one-sided  contest.     It  is  of  vital  importance,  therefore,  to  consider 

the    rapidity    of   tin-   and    power   of   guns   of  several   of    His    Majesty's  ships,  which, 
although  constructed  only  a  few  years  ago,  are  deficient  owing  to  the  recent 
increase  in  the  energy  of  guns.     It  is  impossible  to  redesign  these  cruisers,  hut  new 

of  greater  power  and  a  higher  rate  of  Are  could  easily  !><•  fitted  at  little  coat, 
adding  greatly  t«»  the  fighting  efficiency  of  the  ship 

Ah  an  Instance  ol  the  inferiority  in  gun  power  of  some  comparative!)  new  rrui 
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a  comparison  is  made  in  Table  I  of  the  aggregate  energy  of  the  guns  of  H.  M.  S. 
Diadem,  which  was  launched  in  1896,  just  five  years  ago,  and  of  H.  M.  S.  Hogue,  prac- 

tically of  the  same  size,  now  being  fitted  out.  The  basis  of  comparison  is  the  most 
accurate  one  of  the  striking  energy  which  the  guns  develop  when  utilized  to  the  best 

advantage  in  a  given  time.  For  this  comparison  the  velocities  of  the  6-inch  guns  of 
the  Diadem  and  Hogue  are  assumed  to  be,  respectively,  2,150  feet  and  2,550  feet  per 
second,  giving  energies  at  3,000  yards  range  of  1,416  and  1,996  foot-tons,  and  the 
velocity  of  the  9.2-inch  gun  is  2,720  feet  per  second,  representing  an  energy  of  11,564 
foot-tons  at  3,000  yards.  The  rapidity  of  fire  obtained  is  indicated  in  the  table.  The 
12-pounder  guns  and  those  of  less  caliber  are  not  included,  as  their  power  in  deter- 

mining the  issue  of  an  action  at  long  range  would  be  small.  The  result  of  the  com- 
parison is  that  the  total  striking  energy  of  the  Hogue  is  almost  double  that  of  the 

Diadem,  296,516  foot-tons  against  158,592  foot-tons.  This  surely  is  a  condition  which 
calls  for  consideration,  especially  as  it  is  but  a  fair  representation  of  the  increase  in 

the  power  of  the  guns  of  to-day. 

Table  I. — Total  energy  per  minute  of  the  guns  in  two  cruisers  fighting  at  3,000  yards  range. 

On  first-class  cruiser  Diadem,  launched  in  1S96. 

Sixteen  6-inch  guns,  with  a  muzzle  velocity  of 

2,150  foot-seconds,  and  firing  at  the  rate  of  7 
rounds  per  minute,  will  give  a  total  energy  of 

158,592  foot-tons. 

Total  energy,  158,592  foot-tons. 

On  armored  cruiser  Hogue,  launched  in  1900. 

Twelve  6-inch  guns,  with  a  muzzle  velocity  of 

2,550  foot-seconds,  and  firing  at  the  rate  of  9 
rounds  per  minute,  will  give  an  energy  of  215,568 
foot-tons. 

And— 
Two  9.2-inch  guns,  with  a  muzzle  velocity  of  2.720 

foot-seconds,  and  firing  at  the  rate  of  3i  rounds 

per  minute,  will  give  an  energy  of  80,948  foot- 
tons. 

Total  energy,  296,516  foot-tons. 

This  comparison  is  made  on  the  assumption  that  the  service  explosive — namely, 
cordite — is  utilized;  if,  however,  nitrocellulose  powder  were  used  in  the  more  mod- 

ern guns  of  H.  M.  S.  Hogue,  wrhich  are  equally  well  designed  for  its  use,  and  would 
have  a  much  longer  life,  notwithstanding  the  increased  energy,  the  twelve  6-inch 
guns  would  then  have  a  velocity  of  2,800  foot-seconds,  and,  firing  at  the  same  rate, 
would  give  an  energy  of  259,740  foot-tons;  and  the  two  9.2-inch  guns  would  have  an 
energy  of  91,966  foot-tons,  firing  at  the  same  rate  and  with  a  velocity  of  2,900  foot- 
seconds.  The  total  striking  energy  of  the  Hogue  would  thus  become  351,706  foot-tons, 
as  against  158,592  foot-tons  of  the  Diadem 

THE    STRUCTURE    OF   GUNS 

In  figs.  1  to  6  there  are  illustrated  for  general  purposes  of  comparison  various  types 

of  British  and  foreign  guns  of  strictly  modern  design.  Two  general  systems  of  con- 
struction are  adopted  by  most  naval  powers.  In  the  one  the  gun  is  entirely  of  steel 

and  in  the  other  of  steel  and  wire.  Great  stress  can  not  be  laid  on  the  advantages  of 
one  system  over  the  other.  At  the  same  time  the  author  is  of  opinion  that  by  the 
proper  application  of  wire  the  highest  possible  efficiency  in  construction  can  be 
obtained,  owing  to  the  greater  possibility  of  varying  the  tension  of  the  wire  ami 
tubes  with  greater  theoretical  accuracy  than  is  possible  with  solid  steel  construction. 
Steel  as  wire  is  much  the  strongest  form  of  this  metal.  Moreover,  the  wire  winding 

gives* higher  resisting  radial  strength  to  the  gun,  and  this  is  of  great  value  in  the 
event  of  a  premature  bursting  of  a  high-explosive  shell  in  the  bore.  On  the  other 
hand,  the  wire-constructed  gun  is  more  expensive  in  manufacture,  but  this  is  not  of 
much  consequence  provided  the  best  results  are  obtained. 

The  wire-wound  gun. — The  diagram  of  the  12-inch  40-caliber  gun  of  British  type 
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(fig.  1)  clearly  shows  the  construction  of  a  typical  wire-wound  weapon  and  the  dis-^ 
position  of  the  wire  and  tubes  and  other  general  details;  there  are  added  curves 

showing  the  pressures  in  the  bore  on  the  explosion  respectively  of  nitro-cellulose  and 

cordite  charges.  This  method  of  construction — with  one  tube  inside  another,  extend- 

ing the  whole  length  of  the  gun — admits  of  rapid  and  efficient  repair  when  the  inner 
tube  is  worn  out  as  a  result  of  a  number  of  rounds  having  been  fired.  The  radial 

strains  on  firing  are  overcome  by  the  shrinkage  of  the  A  tube  of  the  gun  upon  the 

inner  tube,  and  by  the  wire  being  wTound  at  varying  tensions.  The  longitudinal 
strains  are  taken  by  the  large  sections  of  the  A  tube  and  jacket  being  connected  by  a 

breech  ring.  The  construction  of  this  gun  is  practically  similar  to  the  7^-inch  45-cal- 
iber  gun  shown  on  fig.  3,  where  also  dimensions  and  curves  of  pressure  are  included. 

Other  general  types  of  wire-constructed  guns  are  shown  by*  fig.  2,  illustrating  the 
9.2-inch  breech-loading  gun  designed  and  constructed  by  Messrs.  Vickers,  Sons  & 

Maxim,  Limited,  for  the  Turkish  Government,  and  by  fig.  4,  showing  the  6-inch 
50-caliber  gun  now  being  manufactured  by  the  same  firm  for  the  Japanese  Govern- 

ment. It  will  be  seen  by  reference  to  these  diagrams  (figs.  2  and  4)  that  the  wire 

only  extends  for  about  one-half  the  length  of  the  shot  travel,  the  radial  strains  in 
the  chase  being  taken  by  a  solid  steel  hoop  shrunk  over  the  inner  tube.  In  guns  of 
50  calibers  length  the  elimination  of  the  wire  over  the  chase  enables  the  girder 

strength  to  be  somewhat  improved,  so  that  there  is  no  fear  of  the  extra  length  caus- 
ing the>gun  to  droop. 

The  steel-constructed  gun. — A  general  type  of  steel-constructed  gun  is  shown  in  the 

diagram  (fig.  5),  illustrating  the  14-centimeter  45-caliber  gun.  It  consists  of  an 
inner  and  outer  A  tube  extending  the  whole  length  of  the  gun,  reenforced  by  a 

jacket  and  breech  ring.  The  inner  is  put  into  the  outer  A  tube  with  a  taper  of  1  in 

500,  with  a  suitable  amount  of  shrinkage  to  insure  the  best  constructional  effects. 

Nickel  steel  v.  wire  winding. — Messrs.  Krupp,  who  have  done  so  much  for  the 
improvement  of  ordnance  generally,  use  nickel  steel  for  all  the  tubes  except  the 

inner.  The  use  of  nickel  steel  instead  of  ordinary  steel  has  no  doubt  some  advan- 
tages, notably  greater  strength  of  material;  but  this  high  quality  of  steel  is  not  so 

necessary  with  wire-wound  guns,  owing  to  the  extra  strength  given  by  the  wire  far 
exceeding  that  of  any  ordinary  nickel  steel.  There  is  much  in  favor  of  using  a  steel 

giving  a  high  elastic  limit  and  good  elongation  for  the  smaller  types  of  guns,  for 
which  the  wire  system  is  perhaps  less  suited.  By  using  suitable  steel  and  treating 

it  by  a  special  process  the  necessary  strength  can  be  obtained  without  the  addition 
of  nickel. 

The  conduction  adopted  "itlt  small  guns. — Another  type  of  steel  gun  to  which 

reference  may  be  made  is  the  14-pounder  automatic  quick-firing  gun  adopted  by  the 
United  States  of  America,  illustrated  by  fig.  6.  The  small  charge  used  by  this  gnn 

not  render  it  imperatively  necessary  to  reenforce  the  chase,  but  the  A  tube  of 

the  gun  is  made  of  the  best  quality  of  steel  and  suitably  treate< I  to  perform  its  proper 
functions.  The  jacket  of  the  gun,  which  also  carries  the  mechanism,  is  shrunk  on 

from  the  breech  end,  and  is  locked  to  the  A  tube  by  a  second  hoop.  This  construc- 
tion is  largely  adopted  for  guns  of  small  caliber,  and  is  especially  applicable  where 

the  breechblock  works  in  the  vertical  plane. 

i  in.  i:i:i.i.<  IH-BLOCI   ami  oisi  i  BATOR. 

The  Bystemsof  breech-loading  utilize. I  with  modern  naval  artillerj  are  \ erj  varied, 
hut  may  generally  be  divided  into  two: 

ll\  ,  those  Utilizing  screw  mechani-ms,  in  which  the  longitudinal  strain  Oil  filing 

mveyed  through  the  breech  screw  to  the  outer-  construction  of  gun,  the  ̂ ases 
being  sealed  by  some  well-known  device;  and 

ondly,  the  wedge  or  block  form  of  mechanism, in  which  the  longitudinal  strain 
Of    tiring    i-   taken  up   by   a   bloc!  UCtion    worked    h\    S0U16 
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suitable  mechanism  for  opening  or  closing  the  breech,  the  gases  being  sealed  by 
means  of  a  metallic  case. 

The  wedge  system  of  mechanism  is  that  generally  adopted  by  Messrs.  Krupp, 

although  they  also  utilize  the  breecli-screw  system  in  some  of  their  guns. 

Screw  v.  wedge  plug. — The  only  serious  advantage  which  can  be  claimed  for  the 
block  or  wedge  type  of  mechanism  is  that,  generally  speaking,  it  is  simpler  in  con- 

struction, but  it  necessitates  a  continuation  of  the  gun  tubes  beyond  the  breech  end, 

and  as  this  projection  is  otherwise  noneffective  the  extra  weight  counterbalances 

the  advantage  of  simplicity.  The  wedge  system  has  been  adopted  generally  in 

Germany  and  Austria  and  many  of  the  smaller  countries  of  Europe  and  South 

America.  The  breech-screw  form  is  much  more  generally  utilized,  having  l>een 
accepted  by  Great  Britain,  France,  the  Vnited  States,  Russia,  Spain,  Italy,  etc. 

Indeed  it  may  be  considered  the  best  form  of  breech-closing  device  at  present  in  use, 
and  its  general  features  may  be  referred  to. 

'  The  design  of  the  screw  mechanism  depends  principally  on  whether  it  is  desired 
to  utilize  a  metallic-case  obturator  or  the  plastic-pad  system.  In  both  cases,  how- 

ever, the  form  of  breech  screw  used  is  to  a  great  extent  a  governing  factor,  ami  is  of 

great  importance.  The  type  of  screw  invented  by  Mr.  Axel  Welin,  a  Swedish  engi- 
neer, is  the  one  at  present  mostly  used  in  modern  artillery  mechanisms,  the  British 

Government  having  generally  adopted  it,  as  well  also  as  the  United  States  of  Amer- 
ica, while  several  other  countries  have  equipments  now  under  experiment.  It  is 

shown  by  fig.  7.  The  construction  of  the  screw  is  such  that  in  the  case  of  the  12-inch 

mechanism  three-quarters  of  the  circumference  can  be  utilized  as  threaded  surface, 

leaving  one-quarter  only  noneffective  for  taking  up  the  backward  thrust  due  to  the 

explosion  of  the  propellant  in  the  gun  chamber.  In  the  case  of  the  0-inch  breech 
screw  two-thirds  of  the  circumference  can  be  screwed,  and  one-third  <>nly  is  thus 
noneffective.  The  length  and  weight  of  the  plug  for  a  given  resistance  can  thus  be 
reduced,  effecting  a  still  greater  saving  in  the  weight  of  metal  at  the  breech  end  of 

the  gun,  while  there  is  great  advantage  in  the  general  arrangement  of  the  mechanism, 

owing  to  the  shorter  screw.  The  author  has  experimented  with  this  screw  in  con- 
nection with  a  15-pounder  field  gun,  tiring  the  gun  with  the  breech  rather  more 

than  half  open;  the  portion  of  the  screw  in  bearing  (rather  less  than  half  the  ordi- 
nary shearing  section  )  proved  sufficient  to  hold  it  in  place,  even  under  proof  pressure, 

and  no  damage  to  the  mechanism  resulted.  This  experiment  showed  the  great 

strength,  utility,  and  efficiency  of  this  form  of  screw,  while  great  saving  in  weight  is 

effected.  Thus  the  breech  screw  of  the  li-inch  gun  of  this  improved  type  (tig.  7) 
weighs  116  pounds;  the  parallel  screw  for  the  same  caliber  gun  (fig.  8)  weighs  178 

pounds,  and  the  type  of  screw  partially  coned  and  partially  parallel,  for  the  same 

strength  (tig.  9)  weighs  about  212  pounds.  The  saving  effected  in  the  Welin  form 

over  the  ordinary  parallel  form  is  at  least  35  per  cent  in  the  breech  screw  alone,  and 
a  great  deal  more  in  the  annulus  of  steel  forming  the  rear  portion  of  the  gun  into 

which  the  screws  gears.  A  long  series  of  experiments  conclusively  proved  that  this 

form  of  screw  is  the  best  at  present  utilized  for  breech  mechanism,  either  of  the  IV 

Bange  obturator  type  or  of  the  more  usual  form  of  metallic-case  system  oi  obturation. 

Metallic  v.  plastic  pad  obturation,  etc — A  discussion  of  the  advantages  ̂ i  one  Bystem 
of  obturation  over  another  must  necessarily  be  of  a  very  technical  character,  and 

might  of  itself  form  the  subject  of  a  special  paper;  it  can  only  be  briefly  referred  to 

here.  In  guns  making  use  of  a  metallic-case  system  the  weight  oi  the  case  is  a  very 
serious  objection,  especially  when  using  the  very  large  charges  necessary  to  obtain 

the  highest  possible  ballistic  imperatively  necessary  in  connection  with  modern  artil- 
lery. In  order  to  obtain  a  velocity  of.  say.  2,900  feet  per  second  in  a  6-inch  gun.  a 

charge  of  powder  has  to  be  used  of  from  30  to  35  pounds,  according  to  the  nature  of 

the  explosive.  Such  a  charge  entails  the  use  of  a  very  large  case,  whose  weight  is 

equal  to  that  of  the  charge.      Now.  if  it  be  assumed  that  for  each  6-inch  gun  on  board 



89 

bhip  there  would  be  200  charges,  the  cases  alone  would  weigh  rather  more  than  3  tons 

per  gun.  In  the  King  Alfred  class  of  cruiser  there  are  16  of  these  guns  on  board,  so 
that  the  aggregate  addition  to  weight  for  cases  alone  is  48  tons.  There  is,  moreover, 

the  other  serious  disadvantage  with  the  metallic-case  system  of  having  to  extract  the 
heavy  and  cumbersome  case  from  the  chamber  after  each  shot  is  tired,  and  of  storing 
it  or  throwing  it  overboard.  The  objections  to  the  case  systems  are:  (1)  The  rate  of 

fire  is  considerably  reduced  owing  to  the  necessity  of  handling  very  heavy  cartridges 
and  of  withdrawing  the  case  after  firing;  (2)  there  is  a  chance  of  failure  of  the  ease, 

which,  when  it  occurs,  puts  the  gun  out  of  action;  (3)  the  extra  weight  necessary  to 

be  carried  on  board  ship. 

All  these  disadvantages  are  overcome  by  the  use  of  a  suitable  plastic  pad  form  of 

obturation,  an  efficient  form  of  which  has  been  evolved,  after  much  experiment.  As 

a  result  of  its  use  the  6-inch  gun  under  the  most  favorable  conditions  attained  a  rate 

of  fire  of  11  rounds  per  minute,  and  with  the  7.5-inch  gun,  firing  a  200-pound  shot, 
a  rate  of  fire  of  8  aimed  rounds  per  minute.  The  range  was  1,100  yards,  and  all  the 

shots  struck  within  a  meter  square  of  the  target.  Such  results  have  never  been 

obtained  with  mechanisms  entailing  the  use  of  the  case  system  of  obturation,  and  the 

author  has  no  hesitation  in  pressing  upon  general  notice  the  great  advantages  obtained 

by  the  quick-firing  plastic-pad  system  of  obturation.  The  system  is  equally  applica- 
ble to  guns  up  to  the  largest  caliber,  and  a  rate  of  fire  of  one  round  every  fifteen  sec- 

onds has  been  obtained  with  this  form  of  mechanism  with  a  9.2-inch  gun,  which, 

starting  with  the  gun  loaded,  means  five  rounds  for  the  first  minute  of  firing.  Sim- 
ilar rates  of  fire  from  all  heavy  artillery  on  board  ship  would  have  such  a  moral  effect 

as  to  influence  the  final  issue  of  an  engagement. 

BREECH    MECHANISM. 

There  are  several  features  common  to  the  breech  mechanism  of  the  12-pounder  3- 

inch  gun,  6-inch  quick-firer,  and  the  9.2-inch  and  12-inch  breechloader,  which  are 

illustrated  in  figs.  10  to  20.  The  mechanism  is  of  the  Vickers  single-movement  type, 
whereby  one  motion  of  a  hand  lever  or  hand  wheel  performs  the  separate  actions 

involved  in  the  opening  or  in  the  closing  of  the  breech.  The  one  action  locks  or 

unlocks  the  breech  lock,  swings  it  in  or  out  of  the  gun,  and  in  opening  and  closing 

actuates  the  firing  gear.  In  all  cases  the  breechblock  is  of  the  Welin  type,  and  is 

mounted  upon,  and  free  to  turn  on,  a  carrier  pivoted  at  the  right-hand  side  of  the 
breech.  The  breech  plug  already  described  (fig.  7),  because  of  its  shortness,  can  be 
swung  clear  of  the  breech  without  longitudinal  travel  or  curvature  within  the  breech. 

The  details  of  1  lie*  mechanism  for  effecting  the  opening  or  closing  of  the  breech  differ 
Blightly  in  each  case,  and  even  although  it  involves  some  little  repetition,  descrip- 

tions of  each  art;  given. 

Breech  mechanism  for  W-pounder  quick-firing  gun. — In  the  breech  plug  for  the  12- 

pounder  .'{-inch  quick-tiring  gun,  illustrated  in  fig.  10,  there  are  <i  segments,  and 
4are  threaded;  that  is,  two-thirds  of  the  circumference  is  used  for  resisting  strains. 

'the  mechanism   for  actuating  the  breech  plug  A  consists  of  a    link    15,  one  end   of 
which  is  pivoted  on  a  pin  1>,  projecting  from  the  rear  end  of  the  breech  plug  A;  the 

Other  end   is   pivoted    to  a  short   crank   (,'  and  pivoted   on   a   bolt    E,  which    may  be 
quickly  withdrawn  when  dissembling  mechanism.    Skew  gear  teeth  are  found  partly 

round  the  periphery  of  the  crank  engaging  with  skew  teeth  formed  parti}  round  the 

■-I  the  hand  lever  <i.      This  hand  leVOP  G  lies  close  to  the  gun,  an.  I  i-  BO  i   nted 

that  it  may  be  quickly  assembled  Or  removed.      The  centers  of  the  link   B  and  crank 

<   an-  arranged  to  form  a  locking  point  when  the  breech  is  closed. 
The  firing  gear,  which  is  arranged  for  percussion  and  electric  firing  and  ma)  be 

removed  as  one  piece,  Is  contained  in  a  central  hole  formed  through  the  stem  .1  of  the 

carrier  I  It  Is  retained  in  position  by  a  cap  \1,  with  interrupted  threads  fitting  mi.. 

the  tear  face  of  the  carrier  I  ■ .     The  rear  pari  of  the  cap  M  Is  fitted  with  a  sleeve,  this 
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sleeve  having  inclined  planes  formed  on  it,  so  that  a  partial  rotation  of  the  sleeve 

causes  the  striker  R  to  be  drawn  back  clear  of  the  firing  primer  on  the  first  move- 
ment of  the  hand  lever  to  open  the  breech.  The  partial  rotation  of  the  sleeve  is 

effected  by  a  stud  ()  projecting  from  it,  and  engaging  with  a  cam  groove  N  formed  on 

the  top  <>f  the  hand  lever  <  I.  When  the  sleeve  has  been  turned  to  a  sufficient  extent, 

the  hand  lever  swings  clear  of  the  stud  O.  The  sleeve  is  retained  in  position  by 
a  sliding  bolt  acted  on  by  the  turning  of  the  breech  screw  A.  The  striker  R  is  cocked 

by  hand  for  percussion  firing,  and  a  safety  piece  P,  in  the  rear  face  of  the  br«  jch 

screw,  prevents  the  striker  from  being  released  until  the  breech  is  completely  locked. 

A  powerful  extractor  Q  is  used,  which  extracts  and  ejects  the  empty  cartridge  case. 
This  extractor  is  pivoted  at  the  same  side  of  the  breech  of  the  gun  as  the  carrier  F 

and  is  fork-shaped,  the  arms  of  the  fork  being  approximately  concentric  with  the  car- 
tridge case.  The  arms  of  the  fork  are  provided  with  lips  for  ejecting  the  empty 

cartridge  case.  A  third  lip  is  formed  in  the  bottom  of  the  fork  for  unseating  the 

cartridge  case.  This  third  lip  is  arranged,  with  respect  to  the  lips  on  the  arms  of 
the  fork,  so  that  it  comes  into  action  first.  A  toe  or  third  arm  of  the  extras  .  Q  is 

acted  on  by  a  cam  surface  (formed  on  the  carrier  F)  during  the  last  part  of  the 

swing-out  when  opening  the  breech. 
The  action  of  the  extractor  Q  is  as  follows:  When  the  breech  has  been  partly 

swung  open,  the  cam  surface  on  the  carrier  exerts  a  wedging  action  on  the  toe  of  the 

extractor,  gradually  unseating  the  cartridge  case  before  the  lips  on  the  fork  of  the 

extractor  Q  come  into  action,  and  just  immediately  before  the  mechanism  is  com- 
pletely swung  out  the  toe  of  the  extractor  receives  a  sudden  jerk,  which  causes  the 

empty  cartridge  case  to  be  completely  ejected  from  the  breech  by  means  of  the  lips 
formed  on  the  fork  of  the  extractor.  No  small  screws  are  employed,  and  no  tool  is 

required  for  use  with  this  mechanism. 

Breech,  mechanism  for  6-inch  quick-firing  gun. — The  breech  plug  for  the  6-inch  quick- 
firing  gun,  illustrated  by  fig.  11,  and  in  perspective  by  figs.  16  and  17,  is  divided,  so 

far  as  the  threaded  portion  is  concerned,  into  6  segments,  and  4  of  these  are  threaded, 

so  that  in  this  case  also  two-thirds  of  the  circumference  is  used  for  resisting  the 
strains. 

The  link  for  actuating  the  breech  plug  is  pivoted  to  a  pig  G,  projecting  irom  the 

breech  plug  B  at  one  end  and  pivoted  at  the  other  end  to  a  short  crank  H,  which  is 

mounted  on  the  carrier  D.  Partly  around  the  boss  of  this  crank  H  are  formed 

"skew  gear"  teeth,  which  gear  with  "skew"  teeth  formed  around  a  sleeve  keyed 
to  the  hand  lever.  A  loading  tray  I  is  provided,  which  is  automatically  moved 

across  the  breech  face  of  the  gun  and  at  the  same  time  raised  into  the  loading  posi- 
tion while  opening  the  breech  (or  lowered  when  closing  it). 

The  firing  gear  is  arranged  for  firing  by  electricity  or  percussion,  and  is  directly 

operated  by  the  hand  lever  A,  so  that  the  gun  is  absolutely  safe  against  firing  before 

the  breech  commences  to  open.  For  this  purpose  a  nut  K  is  fitted  on  the  end  of  the 

obturating  bolt  L.  In  this  nut  a  vertical  slide  M,  which  covers  the  end  of  the  firing 

primer  N,  is  worked  by  means  of  two  spring  bolts.  One  of  these  bolts  O  engages 
with  a  cam  P  on  the  hand  lever  A,  the  other,  Q,  in  »  groove  R,  in  the  link  of  the 

breech  mechanism.  An  ejector  S,  actuated  by  the  movement  of  a  slide,  is  fitted  in 

the  nut.  A  spring-retaining  catch  is  fitted  in  the  obturator  bolt,  and  prevents  the 
tube  from  being  jerked  out,  however  violently  the  mechanism  may  be  closed. 
The  motion  is  as  follows:  When  the  hand  lever  A  of  the  breech  mechanism  is 

swung  away  from  the  gun,  the  cam  P  forces  the  slide  M  downward  in  the  nut  K. 

As  the  hand  lever  A  continues  to  swing  away  from  the  gun,  it  eventually  loses  its 

connection  with  the  spring  bolt  O  of  the  slide  M,  and  the  downward  movement  of 

this  slide  is  continued  by  the  movement  of  the  link  F,  which  actuates  the  other 
spring  bolt  Q  and  keeps  the  slide  M  in  the  correct  relative  position  until  the  breech 
is  closed.     When  the  slide  M    has  been  moved   down  far  enough,  it  actuates  the 
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ejector  S,  thus  jerking  out  the  firing  tube.  Oh  the  first  movement  of  the  slide  M 
downward,  and  before  the  breech  has  commenced  to  unlock,  the  firing  needle  0 

is  partly  drawn  back  by  means  of  the  toe  with  which  it  is  provided,  engaging  with 
a  quick  incline  on  the  rear  of  the  firing  gear  nut.  The  spring  bolts  are  arranged  so 
that  in  the  case  of  misfire  the  slide  M  may  be  pulled  down  by  hand  to  a  certain 
extent,  sufficient  to  eject  the  tube  without  it  being  necessary  to  open  the  breech. 

Breech  mechanism  for  9. 2-inch  breech-loading  gun. — In  the  case  of  the  9.2-inch  breech- 
loading  gun,  as  shown  in  fig.  12,  and  in  perspective  on  figs.  13  to  15,  the  threaded 
portion  of  the  breech  plug  B  is  divided  into  12  segmental  portions  of  varying  radii, 
and  9  of  these  are  threaded,  so  that  here  three-quarters  of  the  circumference  is  used 
for  resisting  the  strains  when  firing. 

As  with  the  6-inch  gun,  the  mechanism  for  actuating  the  breech  plug  B  consists  of 
a  link  F,  one  end  of  which  is  pivoted  on  a  pin  G,  projecting  from  the  rear  end  of  the 
breech  plug  B;  the  other  end  is  pivoted  to  a  short  crank  H,  which  is  mounted  on 

the  breech-plug  carrier  C.  Around  the  boss  of  a  pinion  I  are  found  skew  gear  teeth. 
This  pinion  is  keyed  to  the  axis  of  the  hand  lever  A,  and  is  contained  in  a  recess  in 
the  carrier  C.  The  skew  teeth  so  formed  gear  with  skew  teeth  formed  on  the  boss 
of  the  short  crank  H.  The  hand  lever  A  lies  close  up  to  the  gun,  and  the  centers  of 
the  link  F  and  crank  H  are  arranged  to  form  a  locking  point  when  the  breech  is 
closed. 

The  firing  gear  D  is  arranged  for  firing  by  electricity  or  percussion,  and  is  operated 
so  that  the  gun  is  absolutely  safe  before  the  breech  commences  to  unlock.  For  this 
purpose  a  nut  K  is  fitted  on  the  end  of  the  obturating  bolt  L;  in  this  nut  a  horizontal 
slide  M  covers  the  end  of  the  firing  primer  N,  and  is  worked  by  means  of  a  spring 
bolt  0,  which  engages  with  a  sliding  bar  P  working  in  the  face  of  the  carrier  C.  The 
sliding  bar  P  is  also  provided  with  a  spring  bolt  Q,  which  engages  with  a  cam  R  on 
the  crank  H.  An  ejector,  actuated  by  the  movement  of  the  slide  M,  is  fitted  in  the 

nut  K.  A  spring-retaining  catch  is  fitted  in  the  obturating  bolt  L,  and  prevents  the 
tube  N  from  being  jerked  out,  however  violently  the  mechanism  may  be  closed. 

The  action  is  as  follows:  When  the  hand  lever  A  of  the  breech  mechanism  is 

swung  on  its  pivot  to  open  the  breech,  the  crank  H  begins  to  move,  and  by  means  of 
the  cam  E  it  forces  the  slide  M  in  the  nut  K  away  from  the  primer  N.  When  the 
slide  M  has  been  moved  away  far  enough,  it  actuates  the  ejector,  thus  jerking  out 
the  firing  tube  X.  From  this  point  the  action  is  the  same  as  in  the  corresponding 

action  of  the  6-inch  gun  mechanism  previously  described. 
Breech  mechanism  for  12-inch  breechrloading  gun. — The  breech  mechanism  for  the 

12-inch  gun,  which  is  shown  in  detail  on  tigs.  18,  19,  and  20,  is  so  arranged  that  the 
whole  of  the  breech  action  is  operated  and  controlled  by  the  rotation  of  a  hand- 
N  heel.  By  turning  the  handwheel  A  the  breech  plug  P>  is  first  rotated  and  unlocked, 
and  then  swung  out  of  the  breech  of  the  gun.  The  breech  plug  is  mounted  and  free 
to  turn  on  a  carrier,  L,  pivoted  at  the  right-hand  side  of  the  breech.  The  threaded 
portion  of  the  breech  plug  is  divided  into  12 segmental  portions  of  varying  radii,  and 
9  of  these  are  threaded,  so  that  here,  as  in  the  9.2-inch  gun,  three-quarters  of  the 
circumference  ie  used  for  resisting  the  strains  when  firing.  The  obturator  M  is  of  an 
improved  De  Bange  type.  This  improved  obturator  is  also  used  in  the  6-inch  and 

inch  mechanisms. 

'1  he  mechanism  for  actuating  the  breech  plug  B  consists  of  a  link  C,  one  end  of 
which  is  pivoted  on  a  pin,  I>,  projecting  from  the  rear  end  of  the  breech  plug  l>;  the 
Other  end  is  pivoted  to  a  Bhoii  crank,  E,  which  is  mounted  on  the  breech-plug  earner 

1  \iouii<i  the  boss  of  the  crank  Mare  formed  "skew  gear"  teeth,  engaging  int<» 
rimilar  teeth  formed  partly  around  the  boa  of  ;i  quadrant,  F,  which  is  mounted  in 
the  carrier  L  on  a  vertical  pivot.  This  quadrant  I  ha*  also  formed  partly  round  its 

periphery  ordinary  spur  teeth,  which  engage  with  similar  teeth  on  a  second  mmd- 
rani  d  on  the  hinge  boll  El  of  the  carrier  L.    The  hinge  bolt  H,  together  with 



92 

its  quadrant  G,  is  revolved  by  means  of  a  worm,  I,  and  a  worm  wheel,  K,  which  are 

in  turn  actuated  by  the  handwheel  A,  mounted  at  the  breech  of  the  gun.  To  open 
the  breech  the  handwheel  A  is  rotated,  and  thus,  by  means  of  the  wormwheel  K, 

the  quadrant  ( *  causes  the  quadrant  F  and  crank  E  to  turn,  thus  rotating  the  breech 

plug  B  until  it  becomes  unlocked. 
By  continued  turning  of  the  handwheel  A,  the  carrier  L,  with  the  breech  plug  B, 

is  swung  out  clear  of  the  breech  of  the  gun.  The  opposite  action  takes  place  on 

closing  the  breech. 

As  in  the  case  of  the  9.2-inch  breechloader  and  6-inch  quick  firer,  the  gun  is 
arranged  to  be  fired  by  electric  or  percussion  tubes.  For  this  purpose  a  nut,  N,  is 
fitted  on  the  end  of  the  obturating  bolt,  0.  In  this  nut  a  horizontal  slide,  P,  which 

covers  the  end  of  the  firing  primer  Q,  is  worked  by  means  of  a  spring  bolt,  R,  which 

engages  with  a  sliding  bar,  S,  working  in  the  face  of  the  carrier  L.  The  sliding  bar 
S  is  also  provided  with  a  spring  bolt,  T,  which  engages  with  a  cam,  U,  on  the  crank 

E  of  the  toggle  joint.  An  ejector,  actuated  by  the  movement  of  the  slide  P,  is  fitted 

in  the  nut  N.  A  spring-retaining  catch  is  fitted  in  the  obturating  bolt  0,  and  pre- 
vents the  tube  from  being  jerked  out,  however  violently  the  mechanism  may  be 

closed. 

The  action  is  similar  to  that  in  the  9.2-inch  gun  previously  described. 

Hydraulic  v.  steam,  air,  and  electric  motive  power. — The  mounting  for  the  gun  is  as 
important  as  the  gun  itself  or  as  its  breech  mechanism,  because  upon  the  efficiency 

of  the  mounting  the  rate  of  fire  depends.  The  structure,  while  extremely  mobile, 

must  be  sufficiently  strong  to  transmit  to  the  ship  the  strains  that  result  from  the 

enormous  energies  developed  when  the  gun  is  fired.  The  rapidity  and  accuracy  of 

aimed  fire  are  controlled  to  a  large  extent  by  machinery — the  elevating  and  training 
gear,  the  means  of  supplying  the  gun  with  projectiles  and  powder,  the  hoist,  the 

rammers,  etc.  The  motive  power  by  which  this  machinery  is  operated  considerably 

influences  the  general  efficiency  of  the  mounting,  and  on  this  point  there  is  much 

difference  of  opinion.  This  is  one  of  the  several  questions  where  the  varied  experi- 

ence of  the  mechanical  engineer  can  assist  the  ordnance  designer.  Varying  circum- 
stances affect  the  general  rules,  and  necessitate  special  divergence  from  any  principle 

laid  down;  but  the  author  is  much  inclined  in  favor  of  hydraulic  power  for  the  gen- 
eral operation  of  the  mounting,  in  preference  to  electricity,  compressed  air,  or  steam. 

Steam  power. — For  sea  service  it  is  very  important  to  avoid  any  system  which  will 
cause  the  lower  deck  and  compartments  in  the  ship  to  become  heated,  especially  as 

there  is  usually  great  difficulty  in  ventilating  such  places  to  make  them  habitable. 

Steam  engines  with  their  pipe  leads,  valves,  etc.,  which  must  radiate  much  heat,  are 

impracticable  from  this  cause  alone;  but  in  addition  to  this  disadvantage  they  are 

next  to  impossible -inside  a  turret,  owing  to  the  danger  of  the  gunners  being  scalded 
in  the  possible  contingency  of  joints  being  damaged  or  pipes  broken  in  action. 

Again,  in  consequence  of  the  intermittent  nature  of  the  work  done,  there  is  likeli- 
hood of  failure,  owing  to  the  steam  condensing  in  the  cylinders  and  steam  leads. 

This  might  be  overcome  by  a  properly  designed  system  of  draining,  but  this  would 
add  complications. 

Comprexxcd-air  power. — Compressed  air  has  one  great  advantage  in  comparison  with 

steam — no  return  pipe  system  is  required,  as  all  machines  may  exhaust  into  the 
atmosphere,  and  by  so  doing  would  materially  assist  in  the  ventilation  of  the  turret. 

The  noise,  however,  made  by  the  free  exhaust  is  very  objectionable.  Compressed 

air,  to  be  economical,  must  be  worked  at  a  very  high  pressure,  and  a  damaged  pipe 

might  therefore  cause  an  explosion  with  serious  results.  Air-compressing  engines 

are  usually  run  at  a  high  speed,  and  necessitate  the  employment  of  gear  trains— a 
condition  extravagant  and  noisy. 

Electric  power. — Electricity,  when  compared  with  steam  and  air,  has  many  advan- 
tages; no  pipes  are  required,  the  conductors  are  extremely  light  as  compared  with 
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the  pipes  which  they  would  displace,  and  they  can  be  led  anywhere.  On  the  other 
hand,  there  are  a  number  of  serious  disadvantages  involved.  All  electric  motors  of 
reasonable  weight  and  size  for  the  purpose  must  run  at  a  very  high  speed,  necessi- 

tating heavy  gear  trains,  which  involve  much  loss  of  power  and  a  great  deal  oi  noise. 
Difficulty,  too,  is  frequently  experienced  in  discovering  the  cause  of  failure  which 
occasionally  occurs  either  in  the  motor,  controller,  or  conductors.  Special  safety 

cut-outs  are  required  to  prevent  motors  from  overheating.  It  is  also  practically 
Impossible  to  utilize  electricity  for  running  heavy  guns  back  to  the  firing  position 
after  recoil.  In  training  and  elevating  by  electricity,  great  difficulty  is  always 
experienced  in  getting  dead  slow  movements  to  enable  the  gun  to  be  perfectly  sighted 
on  the  target.  Many  devices  have  been  introduced  to  overcome  this  drawback,  but 
none  have  proved  quite  satisfactory;  an  electric  motor  can  scarcely  be  started  at  slow 

speed.  Again,  it  is  generally  stated  as  one  of  the  advantages  of  electric  over  hydrau- 
lic power  that  if  a  wire  breaks  it  is  more  easily  repaired.  This,  however,  is  not  the 

experience  of  the  author,  as  it  has  often  proved  most  difficult  to  detect  quickly  a 
short  or  broken  circuit.  With  hydraulic  power  the  escape  of  water  is  certain  and  is 
easily  discovered;  and,  since  the  introduction  of  flexible  piping,  a  broken  pipe  is 
quickly  repaired  by  replacing  the  whole  piece  between  the  two  stopcocks. 

Hydraulic poucr. — Hydraulic  power  has  practically  none  of  the  disadvantages  enu- 
merated for  the  other  systems  of  power  described.  Pipes  can  be  laid  anywhere,  they 

give  out  no  heat,  if  they  are  damaged  no  explosion  takes  place,  and  the  damage  can 
easily  be  discovered  and  quickly  repaired.  Hydraulic  machines  can  in  most  cases  be 
applied  direct  for  elevating,  running  out  and  in,  lifting  ammunition,  and  for  hauling 

projectiles,  etc.,  in  the  shell  rooms  and  other  parts  of  the  ship.  They  work  practi- 
cally in  silence.  The  vertical  and  horizontal  running  of  the  gun  is  under  perfect 

control,  the  dead  slow  movement  required  being  obtained  with  the  greatest  facility 
and  precision. 

For  sea  service,  the  source  of  the  hydraulic  power  on  board  ship  is  usually  a  pump- 
ing engine,  so  designed  as  to  obviate  the  necessity  for  an  accumulator.  One  engine 

is  fitted  for  each  turret,  and  placed  in  a  compartment  below  the  armor  deck,  the 
arrangement  of  valves  being  such  that  either  or  both  can  work  any  or  both  of  the 

mountings.  These  engines  are  of  the  compound  tandem  type,  each  with  four  cylin- 
ders and  two  pumps  placed  in  line.  They  are  provided  with  speed  and  pressure 

governors  to  admit  of  variations  in  the  speed  from  3  to  110  revolutions  per  minute, 
with  pressures  within  1,000  pounds  and  1,100  pounds  per  square  inch.  The  pumps 

an-  -ingle-acting  for  suction  work  and  double-acting  for  delivery.  Large  tanks  built 
Into  the  ship  are  provided  for  storing  fresh  water,  in  which  there  is  a  slight  admix- 

ture of  soft  soap  and  oil  for  the  lubricating  of  internal  Surfaces.  Salt  water  may  he 
in  an  emergency,  but  this  is  not  commendable.  Duplicate  sets  of  piping  are 

provided   throughout  the  ship.     To  keep  down   weight,  these  are  usually  made  of 
manganese  bronze,  a  material  of  about  twice  the  strength  of  the  copper  formerly 
adopted. 

<;i\\    MOUNTINGS. 

After  due  consideration  has  been  given  t<>  strength  and  adaptability,  the  principal 

point  in  tin-  genera]  arrangement  of  gun  mountings,  as  in  the  mechanism  <>i  the  gun 
itself,  is  to  attain  the  highest  possible  aimed  rate  of  fire.  This  indeed  is  the  domi- 

nant consideration  in  the  designing  of  all  gun  mountings,  and  the  attainment  of  thi> 
result  is  established  by  reference  to  the  illustration  (fig.  23)  of  the  mounting  for  two 

12-inch  breech-loading  guns  installed  in  several  British  first-class  battleships  The 
distinctive  feature  of  the  arrangement  admits  of  the  gun  being  loaded  at  an]  angle 

of  elevation,  and  th<-  loading  Is  quite  independent  of  tin-  laying  of  the  gun  In 
earlier  types  it  was  i  rj  after  the  gun  was  fired  to  elevate  it  again  t";i  fixed 

■  in  order  to  reload.    Tin-  riot  onh  thnw  the  weapon  "ii  the  h  i<  but 
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took  quite  an  appreciable  time  to  perform,  reducing  the  possible  rate  of  aimed  fire 
in  a  given  time. 

In  British  ships  the  12-inch  guns  are  invariably  mounted  in  pairs,  and  the  arrange- 
ment illustrated  by  fig.  21  admits  of  four  rounds  being  fired  from  each  barbette,  or 

at  the  rate  of  149.241  foot-tons  per  minute.  With  guns  of  this  caliber  it  would  seem 
desirable  to  always  mount  them  in  pairs,  so  that  if  the  range  is  not  found  quite  cor- 

rect with  the  first  projectile  from  the  one  gun,  there  is  immediate  opportunity  of  j 
rectifying  the  error  discovered,  and  thus  the  gun  layer  will  seldom  fail  to  hit  with 

the  second  shot.  It  is  the  case  over  again  of  the  ordinary  barreled  gun — if  you 
miss  with  one  barrel  you  always  have  a  second.  In  the  case  of  the  battleship,  if 
you  hit  with  the  first  gun  the  chance  is  you  will  also  hit  with  the  second. 

Victors' 8  barbette  mounting  for  two  12-incli  breech-loading  guns  for  British  service. — In 
the  barbette  mounting  for  two  12-inch  breech-loading  guns  of  the  British  type,  illus- 

trated by  fig.  21,  the  guns  are  mounted  on  a  turntable,  carried  on  a  live  roller  ring, 
and  are  protected  by  an  armored  shield  secured  to  the  upper  surface  of  the  turntable. 
The  following  is  a  detailed  description: 

The  turntable  A  is  built  up  of  steel  plates  and  angles,  and  is  provided  with  suitable 
machined  surfaces  for  the  attachment  of  the  brackets  supporting  the  gun  mountings 
and  for  the  upper  roller  path  a  secured  to  its  lower  face.  The  lower  roller  path  b  is 
fixed  to  a  structure  separate  from  and  within  the  barbette  wall,  and  thereby  will  not 
be  affected  by  any  distortion  of  the  latter. 

The  shell  chamber  C  is  attached  to  the  under  side  of  the  turntable,  and  revolves 
with  it. 

The  trunk  D  is  attached  to  the  floor  of  the  shell  chamber,  and  revolves  with  it  and 
the  turntable. 

The  rollers  B  are  provided  with  flanges  at  both  ends  to  take  the  horizontal  thrust, 
and  are  bound  together  by  a  ring  to  which  the  roller  axles  are  secured. 

The  training  rack  E  is  attached  to  the  turntable,  and  gears  with  the  training  pin- 
ions e,  which  are  actuated  from  below.  The  turntable  is  arranged  to  be  rotated 

either  by  hydraulic  or  hand  power,  and  provision  is  made  so  that  only  one  form  of 
power  can  be  in  operation  at  the  same  time.  For  training  by  hydraulic  power  two 

3-cylinder  hydraulic  engines  Fare  provided,  which  may  act  either  in  conjunction 
or  separately;  they  are  situated  in  a  compartment  immediately  below  the  shell 
chamber,  and  are  controlled  from  the  sighting  stations. 
The  handles  G  for  hand  working  are  situated  in  the  same  compartment  as  the 

hydraulic  engines,  and  are  suitably  connected  by  gearing  to  the  training  shafts  /. 
An  automatic  brake,  d,  is  provided,  which  will  always  be  in  action  when  the  hand 
or  hydraulic  power  is  not  actually  at  work,  and  the  locking  bolt  z  is  arranged  to 
secure  the  turntable  when  not  in  use. 

The  guns  are  mounted  in  cradles  W,  which  slide  during  recoil  upon  slide  frames 
Ij,  built  up  of  steel  plates  and  angles.  The  slide  frames  are  supported  by  trunnions 
g  in  bearings  on  suitable  brackets  attached  to  the  upper  part  of  the  turntable. 

The  recoil  presses  H  are  fixed  to  the  slide  frames,  two  to  each  gun.  These  pn 
are  provided  with  pistons  and  rods,  the  latter  being  attached  to  the  cradle.  During 
recoil  the  liquid  in  the  press  is  forced  through  an  opening  of  varying  area  to  give  an 
approximate  constant  pressure  throughout  the  period  of  recoil.  The  gun  may  be 
run  out  or  in  either  by  hydraulic  or  hand  power.  For  running  out  or  in  by  hydraulic 
power  two  presses  are  provided,  one  for  each  operation.  These  are  fixed  inside  the 
slide  frame  under  the  gun,  and  have  a  single  ram  working  between  them,  which  is 
secured  to  a  sleeve  on  the  under  side  of  the  gun  cradle,  and  moves  with  it.  The 
operating  valves  are  situated  on  the  gun  platform. 

For  hand  power  run  "out"  and  "in"  hand  pumps  J  are  provided  in  thechanil>er 
below  the  turntable,  and  are  suitably  connected  up  to  the  "run  in  and  out  cylin- 

ders." These  pumps  are  also  used  for  hand  "elevating,"  connections  being  likewise 
provided  to  the  elevating  presses  LL. 
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For  elevating  by  hydraulic  power  a  bracket,  K,  attached  to  the  under  side  of  the 
slide  frame  in  front  is  connected  by  means  of  two  links,  k,  to  the  ram  of  a  press,  L  L, 

which  is  attached  to  the  floor  of  the  turntable.  This  press  is  operated  either  from 

the  sighting  platform  or  the  gun  platform.  The  hydraulic  supply  is  conveyed  to  the 
revolving  turntable  by  means  of  the  swivel  pipes  PP. 

Automatic  sighting  gear  is  provided  on  the  gun  mounting,  and  is  arranged  in 

duplicate  for  each  gun. 

The  projectiles  and  explosive  charges  are  conveyed  from  the  shell  rooms  and  mag- 
azine to  the  shell  chamber  in  cages,  which  travel  along  guides  in  the  trunk.  The 

projectiles  are  transferred  from  the  overhead  traveler  y  in  the  shell  room  onto  two 

bogies  Y  at  the  base  of  the  trunk.  These  bogies  are  provided  with  gear  for  running 
them  round  relative  to  the  ship  or  to  the  revolving  trunk,  and  have  bolts  which 

support  the  projectile,  which,  when  withdrawn,  allow  the  projectiles  to  roll  down 
onto  a  receiving  tray  in  the  cage.  The  cages  in  the  trunk  travel  vertically  until 

they  reach  the  chamber  below  the  turntable,  whereupon  the  trays  carrying  the  pro- 
jectiles are  automatically  tilted  so  that  the  projectiles  roll  onto  receiving  trays  nv 

These  trays  are  themselves  tilted  on  a  horizontal  axis  until  they  come  in  line  with 

the  inclined  trays  n2  leading  to  the  ammunition  cages,  which  carry  the  ammunition 
from  the  shell  chamber  to  the  gun  breeches. 

The  rails  SS  leading  from  the  shell  chamber  to  the  gun  platform  have  their  upper 

parts  curved  concentric  with  the  trunnions,  so  that  the  projectile  carried  on  the  cage 

is  always  radial  in  the  upper  part  of  its  course,  and  may  be  brought  in  line  with  the 

bore  of  the  gun  whatever  be  its  elevation. 

The  powder  charges  are  raised  from  the  magazine,  which  is  situated  immediately 
above  the  shell  room,  to  the  shell  chamber  in  cages  Q,  which  travel  up  guides  in  the 

trunk  in  a  similar  manner  to  the  shell  cages.  The  charges  are  then  lifted  out  and 

placed  in  the  main  ammunition  hoists  Rx  leading  to  the  gun  breeches. 

A  loading  tray,  T,  arranged  to  work  on  a  horizontal  axis,  is  kept  by  a  spring  in  its 

lower  position  out  of  the  way  of  the  gun  when  it  recoils.  This  tray  is  raised  by  a  cam 

on  the  ammunition  cage,  and  swung  around  its  horizontal  axis  into  the  bore  of  the 

gun  after  the  breech  has  been  opened,  and  in  this  position  effectively  protects  the 

threads  of  the  breech  screw  during  the  passage  of  the  projectile  and  powder  charges 

into  the  gun.  At  the  rear  of  this  loading  tray  a  chain  rammer,  V,  is  provided,  worked 

by  means  of  a  hydraulic  motor,  the  arrangement  being  that  the  rammer  is  always 

in  line  with  the  longitudinal  axis  of  the  gun  for  loading  at  any  angle  of  elevation. 

The  motor  for  working  the  rammer  is  attached  to  the  arm  I2,  which  carries  the 

loading  tray,  and  connected  by  bevel  gear  v  to  the  rammer. 

Should  the  motor  or  other  part  of  the  gear  fail,  a  clear  space  may  be  provided  for 
hand  loading  from  a  bogie,  R2,  at  the  rear  of  the  gun  by  lowering  the  gearing  and  its 

connection  by  means  of  a  screw. 

All  the  ammunition  cages  are  worked  by  hydraulic  cranes.  The  main  ammuni- 

tion cages  abut  against  fixed  stops  on  the  rearward  extension  of  the  slide  frame,  so 

that  the  projectile  is  brought  exactly  in  line  with  the  bore  of  the  gun,  thus  insuring 

that  the  gun  may  be  loaded  at  any  angle  of  elevation,  whether  in  motion  or  at  rest. 

The  mounting  is  inclosed  by  a  shield,  M,  securely  attached  to  the  upper  floor  of  the 
turntable  by  Suitable  plates  and  angles.      The  front  and  sides  are  sloping.      The  rear 

part  is  extended  to  provide  space  for  the  gun's  crew,  and  also  serves  to  balance  the 
mounting.  The  opening  between  the  shield  and  the  barbette  wall  is  made  water- 

tight by  means  of  •  flexible  leather  apron,  m,  which  may  be  adjusted  by  means  of 
screws. 

There  are  two  sighting  hoods  and  one  lookout  hood  at  the  '"<-ar. 

"Foreign  urvice  Vickert  mounting  for  two  tS-inch  breeeh»loading  gunt.  The  diagram 
I  fig,  22)  differs  in  one  Important  respect  from  the  arrangement  for  the  British  ships 

j  >  i  - 1  described.     Each  charge  for  the  main  hi  d  direct  to  the  gun  I 
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the  elevator  trunk  being  splayed  outward  at  the  top,  so  that  the  projectiles  are 

brought  up  exactly  in  line  with  the  axis  of  each  gun.  In  this  arrangement  nine  pro- 
jectiles are  always  kept  in  motion  in  various  positions,  and  the  guns  constantly  kept 

supplied  with  ammunition,  so  that  they  may  be  virtually  considered  quick  firers.  It 

is  only  necessary  to  describe  in  detail  that  part  of  the  ammunition  hoist  which  differs 

from  the  arrangement  in  the  mounting  shown  in  fig.  21. 

The  cages  N  in  the  conical  trunk  travel  upward  on  slightly  inclined  rails  m,  until 

they  reach  the  chamber  below  the  turntable,  and  the  projectiles  which  they  carry 

are  now  in  line  with  the  guns.  The  cages  are  provided  with  trays  carrying  the  pro- 

jectiles, which  are  automatically  tilted  when  the  cage  has  ascended,  so  that  the  pro- 
jectiles slide  off  into  fixed  receiving  trays  p  in  the  shell  chamber,  where  they  remain 

until  the  ammunition  cages  B,,  which  carry  the  ammunition  from  the  shell  chamber 

to  the  gun  breeches,  have  descended  and  automatically  set  free  the  stops  which 

retained  them  in  position,  permitting  the  projectiles  to  slide  into  the  ammunition 

cages. 

9.2-inch  gun,  barbette  mounting. — In  fig.  23  there  is  illustrated  the  equipment  for  a 
medium-caliber  gun  specially  suited  for  armored  cruisers,  and  which,  for  its  size,  has 

attained  the  greatest  rate  of  fire  of  any  gun  at  present  mounted  in  His  Majesty's  navy. 
This  is  a  9.2-inch  equipment,  which  is  to  all  practical  purposes  similar  to  the  guns 
now  under  manufacture,  with  their  mountings,  for  the  Turkish  battleship  Mesmdijeh. 

A  general  description  of  the  mounting  is  given,  as  it  is  of  special  construction,  and  h 

capable  of  attaining  a  rate  of  fire  of  five  rounds  per  minute.  The  mounting  its 

would  not  produce  this  extraordinary  rate  of  fire;  it  is  due  to  the  construction  of  the 

breech  mechanism  illustrated  by  fig.  12,  in  combination  with  the  general  arrange- 
ment of  the  mounting.  The  breech  mechanism  can  be  operated,  either  in  opening 

or  closing,  in  about  two  seconds,  so  that  very  little  time  is  wasted  in  performing  the 

whole  operation.  No  hydraulic  or  other  mechanical  device  is  needed,  as  the  arrange- 
ment of  levers  gives  ample  power  when  worked  by  hand.  The  following  is  a  detailei  i 

description  of  the  mounting  as  illustrated  by  fig.  23. 

The  turntable  A  is  built  up  of  steel  plates  and  angles.  The  upper  roller  path  a  is 
riveted  to  its  under  face  and  machined  up  true  in  position.  The  lower  roller  path  b 
is  secured  to  a  machined  surface  on  the  floor  of  the  barbette.  The  rollers  B,  B  are 

provided  with  flanges  at  both  ends  to  take  the  horizontal  thrust,  and  are  bound 

together  by  a  ring  of  plate  steel,  to  which  the  roller  axles  are  attached. 

The  turntable  is  arranged  to  be  rotated  either  by  hydraulic  or  hand  power,  the 

former  by  means  of  a3-cylinder  hydraulic  motor  F,  gearing  with  a  rack  E,  attached 

to  the  lower  roller  path,  and  the  latter  by  means  of  handles  D  situated  on  the  gun  plat- 
form. The  shaft  carrying  the  pinion  which  gears  with  the  training  rack  is  arranged 

vertically,  and  carries  two  spur  wheels  fx,  f2  loosely  thereon,  to  one  of  which  is  geared 

a  pinion  on  the  shaft  of  the  hydraulic  motor,  and  to  the  other  is  geared  a  pinion  con- 
nected to  the  hand  gear.  The  wheels  are  connected  to  the  shaft  by  means  of  a 

clutch  /3,  so  arranged  that  only  one  can  be  in  operation  at  the  same  time. 

A  hand  brake  is  provided  for  securing  the  turntable  when  changing  from  hydraulic 

to  hand  power,  and  vice  versa.  The  hydraulic  motor  is  controlled  from  the  sighting 
station  by  means  of  the  hand  wheel  X. 

The  gun  is  mounted  on  a  slide  frame  S  built  up  of  steel  plates  and  angles,  provided 

with  bearings  upon  which  the  gun  slides  during  recoil.  The  slide  frame  is  supported 

by  trunnions  on  bearings  g,  in  suitable  brackets  ( i  secured  to  the  upper  parts  of  the 
turntable. 

The  recoil  presses  II,  two  in  number,  are  fixed  to  the  slide  frame.      These   DF 

are  provided  with  pistons  and  rods  h,  the  latter  being  attached  to  the  lug  band  C 
secured  to  the  gun,  and  arranged  to  slide  on  a  prolongation  of  the  slide  frame.     The 

presses  have  an  orifice  of  varying  area  to  allow  the  liquid  in  the  cylinder  to  pass  from 
one  end  to  the  other  during  recoil  at  an  approximately  constant  pressure. 



Fig.  21 

BARBETTE  MOUNTING  FOR  TWO  12-INCH  GUNS. 
Fig.  22. 
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The  gun  is  provided  with  two  rows  of  recuperator  springs  placed  inside  the  slide 
frame,  which  hold  the  gun  in  the  firing  position,  and  are  of  sufficient  power  to  return 
the  gun  after  fire  to  the  firing  position  at  all  angles  of  elevation.  Suitable  arrange- 

ments are  made  in  the  recoil  cylinders  to  prevent  the  shock  when  returning  to  the 
firing  position  with  the  gun  horizontal  or  depressed. 

The  gun  is  arranged  to  be  elevated  either  by  hand  or  hydraulic  power.  The  ele- 
vating press  P  is  secured  to  the  turntable  below  the  gun,  and  is  connected  by  links  p, 

to  the  bracket  R  on  the  under  side  of  the  slide  frame.  The  press  is  controlled  by  a 
lever  n  from  the  sighting  station.  Handwheels  are  provided  at  the  sighting  station 
for  elevating  by  hand  Il5  and  also  from  a  secondary  position  in  the  gun  platform  I2. 
They  are  connected  by  worm  and  other  gearing  to  the  elevating  arcs  K  attached  to 

the  under  side  of  the  slide  frame,  two  pinions  q  on  the  worm-wheel  shaft  being 
geared  thereto.  An  automatic  arrangement  is  provided  for  disconnecting  the  hand 
gear  when  the  hydraulic  power  is  employed. 

Automatic  sights  s  s  are  provided  on  the  gun  mounting,  and  an  indicator  situated 
at  the  sighting  station  shows  the  position  of  the  mounting  relative  to  ship  when 
training. 

An  arm  Q  attached  to  the  gun  slide  supports  the  loading  tray  L2,  onto  which  the 
projectiles  are  placed  for  loading.  The  mechanism  of  the  loading  apparatus  is  such 
that  the  projectile  always  remains  parallel  with  the  axis  of  the  gun  when  the  tray 
with  shell  is  swung  into  the  breech  of  the  gun. 
From  the  under  floor  of  the  turntable  a  trunk  Tx  is  arranged  to  extend  down 

into  the  interior  of  the  ship  to  the  level  of  the  ammunition  chambers.  It  is  rec- 
tangular in  section,  and  the  interior  is  used  as  a  passageway  and  hand-up.  The 

guide  rails  r  r  for  the  ammunition  hoists  are  fixed  to  the  outside.  A  platform  T2  is 
attached  to  the  under  side  of  the  turntable,  and  revolves  with  it,  from  which  a  ladder 
Lj  extends  to  the  gun  platform ;  it  may  be  used  for  carrying  the  spare  ammunition 
for  handing  up. 

The  projectiles  are  delivered  on  one  side  of  the  gun  and  the  powder  charges  at 
the  other,  one  projectile  and  two  half  charges  being  conveyed  at  a  time.  The  shells 
slide  down  an  inclined  trough  T3  from  the  cage  to  a  convenient  position  at  the  rear 
of  the  gun,  from  whence  they  are  lifted  into  the  loading  tray.  The  powder  charges 
are  carried  round  by  hand  to  the  rear  of  the  gun.  Both  hoists  are  worked  by 
hydraulic  presses. 
The  projectiles  and  powder  charges  in  case  of  necessity  can  be  raised  by  hand 

through  the  ladder  ways  to  the  gun  platform. 
The  mounting  is  inclosed  by  a  shield  M  securely  attached  to  the  upper  floor  of 

the  turntable  by  plates  and  angles.  It  is  provided  with  a  sighting  hood,  and  is  fitted 

with  a  leather  apron  m,  with  screws  and  brackets  for  making  it  water-tight  with  the 
barbette. 

Krupp  barbette  mounting  for  24^centimeter  {9.4S~ineh)  gun. — In  dealing  with  the 
mountings  of  heavy  ordnance  it  may  not  be  amiss  to  refer  to  a  type  of  24-centimeter 
gun  designed  by  Messrs.  Krupp,  of  Bssen,  of  which  a  general  diagram  is  given  on 

24.  The  main  operations  of  this  mounting  are  performed  electrically,  but  the 
mechanism  can  be  quickly  disconnected  to  enable  the  gun  to  be  worked  by  hand. 

il  of  the  gun  is  overcome  by  a  hydro-pneumatic  device,  and  the  rammer  is 
worked  by  hydraulic  power.  Messrs.  Krupp  thus  lit  three  power  Bystems  tor  per- 

forming different  operations  in  connection  with  the  working  oi  One  mounting.  The 

h  mechanism  of  the  gun  is  of  Mi     i     Krupp's  nsua!  wedge  t\  pe,  and  is  worked 
by   hand.      It  is  claimed   for   the  mounting  that    it   w  ill  lire  one  round  e\  ery  t  w  eniv 

leconde    that  is,  starting  with  the  gun  Loaded,  four  rounds  in  the  first  minute  and  then 
one  round  every  twenty  Becondfl  thereafter.    The  turntable  itself  revolves  on  ■  ball 

and  the  mounting  generallj  is  well  protected  by  the  highest  quality  oi  armor. 
The  maximum  rate  of  fire  obtained  from  the  Vic*  Loch  mountings  was  five 
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rounds  in  one  minute,  starting  with  the  gun  loaded,  and,  as  already  pointed  out, 

this  extraordinary  rate  of  tire  from  such  a  heavy  weapon  lias  been  accomplished  by 
the  combination  of  the  general  arrangement  of  the  mounting  with  the  mechanism 

of  the  gun,  and  the  abolition  altogether  of  the  metallic-cartridge  case.  The  follow- 
ing is  a  detailed  description  of  the  Krupp  barbette  mounting  for  24-centimeter 

breech-loading  gun,  as  illustrated  by  fig.  24. 
The  mounting  consists  essentially  of  the  following  parts:  The  turntable  A,  for  load- 

ing the  ammunition  hoist:  the  rotating  trunk  B,  carrying  the  gun-platform  C  and 

carriage  D;  training  and  elevating  gear  E;  ammunition-hoisting  gear  F  and  rammer 
G;  gun  shield  IT. 

The  turntable,  which  is  rotated  by  hand  power  on  a  live  roller  path,  is  built  up  of 

plates  and  angles,  and  carries  twenty-four  projectile  holders  K,  arranged  in  a  circle 
and  secured  by  slips.  The  trunk,  which  rotates  independently  of  the  turntable,  is 

centered  at  its  lower  end  by  a  pivot  L,  which  rotates  in  a  fixed  bearing.  Rails 

attached  to  the  trunk  guide  the  cap  M  while  it  is  being  elevated.  The  upper  part  of 

the  trunk  is  circular,  and  is  strengthened  by  cross  girders  X  and  angles  to  carry  the 

gun  platform  and  carriage.  A  ball  path  fixed  to  the  underside  of  the  platform  rests 

on  a  racer  P,  fixed  to  the  deck  and  provided  with  steel  balls,  which  thus  support 

the  trunk  and  gun  mounting,  while  clips  fitting  underneath  an  internal  flange  on  the 

racer  prevent  the  ball  path  unseating  when  firing. 

The  traversing  rack  Q,  which  gears  with  the  traversing  pinion,  is  formed  on  the 

outside  of  the  racer.  Traversing  may  be  effected  either  by  electric  or  hand  power; 

the  crank  handles  R  for  the  latter  are  placed  in  a  pit  immediately  below  the  plat- 

form, and  connected  to  the  traversing  shaft  by  a  chain  drive  and  double-speed  gear. 

Access  to  this  pit  is  obtained  through  hatchways  in  the  platform.  When  the  maxi- 
mum traverse  has  been  reached  in  either  direction,  the  platform  conies  in  contact 

with  a  spring  buffer,  and  the  motor  is  automatically  thrown  out  of  gear.  A  power- 

ful electro-magnetic  brake  is  also  provided. 
The  elevating  arcs  attached  to  the  cradle  crosshead  are  provided  with  graduated 

sectors  S,  and  gear  with  the  elevating  pinion,  actuated  either  by  an  electric  motor  T 

or  by  hand  power,  and  an  indicator  U,  actuated  by  the  sight,  registers  the  angle  of 
elevation  required.  The  movement  of  the  arcs  is  limited  by  stops,  the  motor  being 

automatically  thrown  out  of  gear  when  maximum  elevation  or  depression  is  reached, 

and  an  arrangement  is  provided  for  locking  the  gun  at  the  elevation  necessary  for 
loading. 

The  controlling  levers  for  the  traversing  and  elevating  motors  are  actuated  from 

the  sighting  station,  and  the  change  from  electric  to  hand  power  is  accomplished  in 

a  few  seconds  by  means  of  clutches. 

The  gun  is  mounted  in  a  cast-steel  cradle  V,  and  the  cradle  supported  in  the  car- 
riage by  trunnions,  so  that  during  recoil  the  gun  slides  in  the  cradle.  The  two  recoil 

cylinders  are  formed  on  a  cross  head  tixed  to  the  cradle,  and  the  running-out  cylin- 
der placed  between  them;  each  recoil  cylinder  is  provided  with  a  piston  and  rod, 

the  latter  attached  to  the  horn  on  the  gun.  During  recoil  the  liquid  in  these  cylin- 
ders is  forced  through  an  opening  of  varying  area,  to  give  an  approximately  uniform 

pressure  throughout  the  period  of  recoil.  Compressed  air  in  the  running-out  cylin- 
der, being  further  compressed  during  recoil,  serves  for  running  out  the  gun.  The 

air  cylinder  is  provided  with  regulating  valve  and  manometer  gau_ 

A  range  finder  and  automatic  sight  are  fitted  to  the  mounting. 

One  projectile  and  one  charge  arc  elevated  simultaneously  from  the  turntable  to 

ramming  position,  the  inclination  of  the  hoist  tray  W  Vicing  controlled  by  the  guide 

rails  fixed  on  the  trunk.  The  tray  is  pivoted  in  the  hoist  cage,  and  has  two  divi- 
sions—the upper,  which  is  movable  tor  the  charge,  and  the  lower,  which  is  fixed  for 

the  projectile.  The  charge  is  placed  in  a  swing  carrier  and  secured  by  a  clip,  which 
is  automatically  pushed  back  on  bringing  the  carrier  into  position  for  loading  the 



Fig.  23— BARBETTE  MOUNTING  FOR  9.2-INCH  B.  L.  GUN. 
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Fig.  24— BARBETTE  MOUNTING  FOR  24-CM.  GUN  (KRUPP  TYPE). 
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tray.  The  projectile  in  its  holder  is  lifted  up  by  means  of  a  hook  and  lever  into  a 

position  which  allows  it  to  be  pushed  into  a  carrier  Y,  fixed  on  the  trunk,  where  it  is 

secured  by  a  spring  catch,  which  on  withdrawal  allows  the  projectile  to  be  pushed 
into  the  lower  division  of  the  tray.  The  cage  is  elevated  by  a  rope  Z,  coiling  on  a 

drum  actuated  by  the  electric  motor  F.  The  motor  is  slowly  started  by  hand,  and 

the  cage  on  rising  automatically  throws  in  the  full  current;  on  reaching  the  gun 

platform  the  tray  cuts  out  the  current,  and  is  then  brought  to  rest  in  position  for 

ramming  the  projectile  by  a  stop,  the  cage  being  held  in  this  position  by  an  automatic 

clutch.  At  the  lower  part  of  the  trunk  an  arrangement  is"  provided  which  indicates 
the  position  of  the  tray  in  the  hoist,  together  with  a  bell,  speaking  tube,  and  tele- 

graph for  communieating.with  the  gun  platform. 

The  rammer  is  arranged  to  be  in  line  with  the  gun's  axis,  and  consists  of  a  series 
of  telescopic  rams  actuated  by  compressed  air  or  by  hand.  After  the  shell  is  rammed 

a  lever  is  withdrawn,  which  allows  the  charge  to  fall  into  the  position  previously 

occupied  by  the  projectile. 
When  the  elevating  tray  is  loaded,  a  slight  rotation  of  the  turntable  brings  another 

projectile  opposite  the  carrier  Y,  in  which  the  projectile  may  be  placed  in  readiness 

for  the  descent  of  the  tray,  and  at  the  same  time  an  empty  holder  is  brought  opposite 

a  loading  table,  where  it  receives  a  projectile,  and  is  replaced  in  position  on  the  turn- 
table by  an  overhead  trolley  and  swing  link  X. 

An  arrangement  of  a  trolley  running  on  rails  concentric  with  the  trunk,  combined 

with  a  swing  link  J,  is  provided  for  loading  direct  from  the  depots. 
The  mounting  is  inclosed  in  a  shield  securely  attached  to  the  gun  platform  by 

stretchers  and  angles,  the  front  sloping  and  the  rear  extending  over  the  barbette  to 

provide  space  for  ramming.  The  shield  extends  downward  to  the  top  of  the  bar- 
bette well  and  is  provided  with  a  sighting  hood  and  manhole  at  the  rear. 

Twin  quick-firing  guns  in  barbette  mountings. — In  the  case  of  cruisers,  where  saving  of 
weight  is  of  great  importance,  it  is  desirable  to  mount  in  the  fore  and  after  barbettes 

quick-firing  guns  singly  or  in  pairs.  Where  two  are  to  be  mounted  on  forecastle  and 
poop,  it  is  important  to  have  them  on  separate  mountings,  not  too  close  together,  as 

otherwise  one  gun  may  interfere  with  the  other  while  loading.  When  thus  in  pairs 

the  processes  of  elevation  and  training  are  carried  out  together,  and  the  guns  loaded 

simultaneously.  But  in  view  of  the  necessity  of  being  able  to  attack  at  very  long 

ranges,  the  author  would  substitute  for  the  two  6-inch  guns  in  many  cruisers  a 

7.5-inch  weapon  firing  a  projectile  of  double  the  weight  of  the  6-inch  at  more  than 

double  the  energy. a  From  such  a  single  gun  a  greater  rate  of  fire  would  he  obtained 

than  is  possible  with  the  twin  6-inch  gnus,  becanse  the  close  proximity  of  the  two 
guns  must  hinder  operations  greatly.  The  advantage  gained  by  utilizing  the  heavier 

projectile  at  long  range  would  fully  compensate  for  any  advantages  of  the  twin  guns 

of  lighter  caliber. 

■    27  illustrates  the  6-ineh   twin  quick-liring  gun   harhette  mounting,  of   which 
the  following  is  a  detailed  description: 
The  two  guns  are  arranged  close  together  in  one  cradle;  they  are  mounted  on  a 

turntable  carried  on  live  rollers,  and  are  protected  by  an  armored  shield  secured  lo 
the  upper  surface  of  the  turntable. 

The  turntable  A  is  builf  up  of  steel  plates  and  angles  well  riveted  together;  on  the 

upper  face  of  the  tunitaUe  Suitable  machined    laces  are  provided  lor  the  attachment 

of  the  hi  <;,  supporting  the  mounting.    The  upper  roller  path  </,  of  special 
•I  steel,  is  riveted    to  the  under  lace  of   the    tilllltahle,  and    machined  up    true  in 

position.  The  lower  roller  path  b  is  secured  to  a  machined  surface  on  the  floor  of 
th<-  barbette. 

"Mnrr  i in-  was  written  it  has  been  announced  that  the  admiralt)  have  decided  t<» 
tin    change  in  the  six  new  cm  the  WonmouUi  cIush  to  be  built. 
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Rollers  B  of  special  forged  steel  support  the  turntable;  they  are  provided  with 
flanges  on  both  sides  to  take  the  horizontal  thrust;  they  are  bound  together  by  a 
ring  of  plate  steel,  to  which  the  roller  axles  are  secured,  the  whole  forming  a  live 
roller  ring. 

The  turntable  is  arranged  to  be  rotated  both  by  hand  and  electric  gear.  A  vertical 
shaft  C  carries  a  pinion  F  at  its  lower  end,  gearing  with  the  training  rack  E  attached 
to  the  lower  roller  path.  On  the  same  shaft  the  necessary  gear  is  provided  for  con- 

nection to  the  electromotor  and  to  the  hand  gear.  Provision  is  also  made  so  that 
only  one  form  of  power  can  be  in  operation  at  the  same  time. 

The  electromotor  N  is  of  the  armor  clad,  water-tight,  shunt-wound  type.  It  is 
controlled  from  the  sighting  stations  at  each  side  of  the  mounting. 

Handles  P  are  provided  for  men  at  the  rear  of  the  turntable  behind  the  guns. 

They  are  connected  to  a  worm  wheel  on  the  vertical  training  shaft  by  means  of  suit- 
able gearing. 

The  mounting  consists  of  the  forged-steel  cradles  S  of  semicircular  section,  with 
bronze  bearing  strips  at  front  and  rear  securely  bolted  together.  Forged-steel  caps 
E  are  fitted  over  the  front  parts  of  the  cradle  to  retain  the  guns  and  to  facilitate 
removal.  The  cradles  are  provided  with  trunnions  g  arranged  to  rest  on  brackets  G 
built  up  of  steel  plates  and  angles  and  steel  forgings. 

The  elevating  arc  is  placed  below  the  guns,  the  upper  end  being  attached  to  the 

rear  part  of  the  mounting,  while  the  lower  end  is  connected  by  forged-steel  links  to 
the  front  of  the  cradles  between  the  guns.  A  pinion  on  a  transverse  shaft  below  the 
guns  is  provided  for  actuating  the  guns.  The  outer  end  of  the  shaft  is  furnished  with 
a  worm  wheel  attached  to  the  shaft  by  means  of  friction  plates.  The  worm  which 
gears  with  the  wheel  is  arranged  to  be  worked  by  two  handwheels  p  at  the  sighting 
stations,  one  on  either  side  of  the  mounting,  and  from  a  secondary  handwheel  q. 

Independent  recoil  cylinders  and  run-out  springs  are  fitted  for  each  gun. 
The  recoil  cylinders  H  are  of  cast  manganese  bronze  and  are  rigidly  attached  to 

the  underside  of  the  gun  cradles.  They  are  constructed  to  unite  in  the  center  between 
the  guns  and  are  bound  together  with  securing  bolts  at  the  junction. 

The  piston  rods  are  of  forged  steel  attached  to  the  lug  on  the  gun.  An  orifice  in 
the  piston  provides  for  the  passage  of  liquid  from  one  side  of  the  piston  to  the  other 
when  the  gun  recoils  after  fire. 
Two  recuperator  springs  K  are  provided  for  each  gun,  placed  one  on  each  side  of 

the  recoil  cylinder;  they  are  of  sufficient  power  to  insure  the  gun  running  out  at  all 
angles  of  fire,  even  with  a  considerable  heel  of  ship. 

Two  sighting  stations  are  provided,  one  on  each  side  of  the  mounting,  with  hand- 
wheels  arranged  so  that  the  guns  can  be  operated  from  either  side.  The  sights  s  s 
are  supported  by  a  rigid  structure  W  from  the  floor  of  the  turntable,  independent  of 
the  mounting.  An  arm  iv,  fixed  to  the  gun  cradle  and  moving  therewith,  operates 
the  rear  sight  bar  on  each  side. 

To  provide  for  the  rapid  supply  of  projectiles  a  carrier  D  is  arranged  inside  the 
barbette,  outside  the  turntable,  and  connected  thereto  by  means  of  suitable  gearing. 
This  gearing  is  arranged  to  rotate  the  carrier  ring,  bringing  the  projectiles  underneath 
the  openings  provided  in  the  gun  platform  so  that  they  can  be  readily  transferred  to 
the  breech  of  the  gun  for  loading.  The  carrier  ring  shown  on  the  drawing  is  arranges  1 
to  carry  153  projectiles. 

Provision  is  made  for  a  constant  supply  of  powder  charges  from  the  magazines  to 
the  gun  platform.  A  chain  hoist  Y,  with  suitable  receptacles  v,  is  arranged  to  take 
up  the  powder  charges  in  a  horizontal  position.  The  chains  are  arranged  to  p 
over  sprocket  wheels  at  the  top  and  bottom  of  the  revolving  trunk  T  attached  to  and 
revolving  with  the  turntable.  The  charges  are  delivered  at  each  side  of  the  gun 
mounting.  On  one  side  they  pass  over  the  sprocket  wheels,  and  are  received  in  an 
inclined  tray.     An  auxiliary  chain  and  tray,  driven  at  a  greater  velocity  than  the 



Fig.  27— BARBETTE  MOUNTING  FOR  TWO  6-INCH  GUNS. 
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FIG.   31.— 6-INCH  GUN,   CENTER   PIVOT   MOUNTING. 
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FIG.   33.— 9.2-INCH   WIRE-WOUND  GUN   WITH   LOADING  TRAY. 
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hoist,  lifts  every  alternate  charge  and  delivers  it  on  the  opposite  side  of  the  gun 
mounting.  If  necessary,  projectiles  could  be  arranged  to  be  carried  in  every  alter- 

nate receptacle,  so  that  the  latter  might  be  delivered  on  one  side  of  the  mounting  and 
powder  charges  on  the  other  side.  The  hoist  is  actuated  by  means  of  an  electro- 

motor situated  at  the  base  of  the  revolving  trunk,  with  all  necessary  attachments  and 

gearing. 
The  mounting  is  inclosed  by  an  armored  shield  M,  securely  attached  to  the  upper 

floor  of  the  turntable  by  a  suitable  steel  angle-bar  frame.  The  shield  is  fitted  with 
a  leather  apron  m,  with  suitable  screws  and  brackets  for  making  it  water-tight  with 
the  barbette.     Two  sighting  hoods  are  provided. 

Center-pivot  mounting. — Reference  may  next  be  made  to  the  center-pivot  mounting, 
largely  adapted  tor  quick-firing  guns,  and  of  which  a  typical  example,  constructed 
by  Vickers,  Sons  &  Maxim,  for  the  Japanese  Government,  is  illustrated  by  figs.  28 
and  29,  while  in  figs.  30,  31,  32,  and  33  there  are  reproduced  photographs  taken  of 
several  guns  during  the  firing  trials  at  the  Vickers  ranges  at  Eskmeals.  Figs.  30  and 

31  show  the  6-inch  gun  on  the  center-pivot  mounting,  fig.  32  affords  a  comparison 
between  the  6-inch  and  7.5-inch  guns,  the  latter  having  double  the  power  of  the 
former,  while  fig.  33  shows  one  9.2-inch  gun. 

The  6-inch  quick-firing  pedestal  mounting,  illustrated  in  detail  on  figs.  28  and  29, 
is  typical,  and  may  be  fully  described. 

The  mounting  consists  of  a  steel  top  carriage  A,  which  rests  on  a  horizontal  ball- 
bearing on  top  of  a  hollow  steel  pivot  B,  on  which  it  may  be  revolved.  The  gun  is 

free  to  slide  during  recoil  in  a  cylindrical  cradle  C,  which  is  balanced  on  its  trunnions 

in  suitable  bearings  in  the  carriage.  Underneath  the  cradle  are  attached  three  cyl- 
inders— one,  D,  to  overcome  the  recoil,  and  the  other  two,  E  and  F  (one  on  each  side 

of  the  recoil  cylinder),  containing  the  springs  for  running  the  gun  up  to  the  firing 
position  after  the  recoil.  The  connection  between  these  three  cylinders  and  the  gun 
is  made  by  arms  G  and  H  projecting  from  the  breech  ring  of  the  gun.  The  whole 

weight  of  the  revolving  parts,  gun  cradle,  and  carriage  is  balanced  on  the  ball  bear- 
ing, thus  the  training  is  very  easy.  The  elevating  and  training  operations  are  per- 

formed by  the  rotation  of  two  handwheels,  J  and  K,  conveniently  arranged  with 
regard  to  a  shoulder  piece,  L,  against  which  the  gunner  may  lean. 

These  two  handwheels,  J  and  K,  are  situated  on  the  left-hand  side  of  the  mounting; 
but  an  auxiliary  training  handwheel,  M,  is  provided  on  the  right-hand  side,  so  that 
two  men  may  be  employed  to  train  the  gun  if  desired.  The  training  gear  is  arranged 
so  that  it  may  be  easily  and  quickly  thrown  in  or  out  of  action. 

The  recoil  cylinder  D  is  of  usual  construction  to  give  an  approximately  uniform 
pressure  dining  recoil,  and  to  control  the  speed  of  running  out  of  the  gun  after  recoil. 

Provision  in  made  for  readily  mounting  and  dismounting  the  gun,  and  to  allow  for 
thifl the  trunnion  bearings  N  and  N  are  made  in  the  form  of  circular  caps,  being  SO 
arranged  that  a  partial  rotation  of  the  caps  frees  the  trunnion  of  the  cradle,  so  that 
the  gun  and  cradle  together  may  be  drawn  directly  to  the  rear  without  any  lifting 
being  necessary. 
The  shield  O  is  of  the  usual  casemate  type. 
An  electric  contact  P  is  fixed  on  the  cradle,  and  is  so  arranged  that  unless  the  gun 

is  fully  run  out  to  the  firing  position,  it  is  impossible  fco  tin-  the  gun  electrically. 
Sights  <l  <,»  are  provided  on  both  sides  of  the  mounting. 

or.vs  TO   iti.i'Ki,  TOBPEDO    IND   SUBMARINE   BOAT   ATTACK. 

The  J//-/,otiii<l<  r  .~rm i-mifomatir  </,i,,.      <  )l    tin-   t\|.c  of    naval  ordnanrr  Specialty  llfled 

for  repelling  submarine  and  torpedo  attacks,  including  weapons  Bring  3-pounder, 

6-pounder,  Impounder,  or  L4-pounder  shot,  the  14-pounder  dob  adopted  by  tin- 
United  states  Government  is  a  typical  example.    Torpedo  or  submarine  boata  attack 
ing   ships  or  Meets  at  anchor  would   do  BO  at  \ny  long  range,  and  would  probably 
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commence  to  fire  their  torpedoes  from  a  range  of  nearly  2,000  yards.  The  guns  for 

repelling  such  attack  would  have  to  be  of  power  sufficient  to  stop  the  boats  before 

they  came  within  striking  distance  of  their  quarry.  The  United  States  Navy  have 

therefore  done  the  right  thing  in  utilizing  a  shell  of  at  least  14  pounds  weight.  Such 

a  shell  is  certainly  superior  for  dealing  with  high  ballistics  at  long  ranges,  and  is 

about  the  weight  generally  adopted  as  a  minimum  by  most  countries  for  their  land- 
service  artillery. 

This  3-inch  (14-pounder)  semi-automatic  quick-firing  gun  is  illustrated  by  figs.  34 

and  35;  the  semi-automatic  breech  mechanism  is  shown  on  figs.  36  to  38. 
The  mounting  consists  of  a  pivot  A,  which  works  in  a  steel  cone  or  naval  stand  B, 

and  has  its  upper  part  formed  into  a  crosshead  C.  The  cone  is  provided  with  gun- 

metal  liners,  and  the  pivot  is  secured  to  it  by  means  of  a  pivot  nut  D.  The  cylin- 
drical cradle  E,  in  which  the  gun  is  free  to  slide  in  recoiling,  is  supported  by  trunnions 

F,  in  bearings  formed  in  the  crosshead;  and  it  is  provided  with  two  hydraulic  buffers 

G,  in  which  work  pistons  attached  to  a  lug  on  the  underside  of  the  breech  end  of  the 

gun.  The  elevating  and  training  are  effected  by  means  of  a  shoulder  piece  H  attached 

to  the  cradle.  The  crosshead  is  fitted  with  a  clamping  screw,  and  a  traversing  clamp- 
ing segment  which  fits  into  a  groove  K  in  the  liner.  AVhen  tightened  by  means  of 

the  handle  L,  this  segment  secures  the  gun  in  any  required  position  of  training.  A 

similar  handle  at  M  clamps  the  gun  at  the  desired  degree  of  elevation. 

Protection  is  afforded  the  gunner  by  a  shield  N,  which  is  bolted  to  flanges  P, 

forged  on  the  cross-head  jaws.  The  cylinders  of  the  hydraulic  buffers  are  provided 
with  tapered  grooves,  which  allow  the  oil  to  escape  round  the  piston  heads,  and  so 

regulate  the  flow  that  a  constant  pressure  is  maintained  during  recoil.  Inside  the 

cylinders  are  strong  spiral  springs  surrounding  the  piston  rods,  which,  being  com- 
pressed by  the  rear  motion  of  the  piston  heads,  cause  the  gun  after  firing  to  return  to 

its  former  position. 

The  breech  mechanism  for  3-inch  (14  pounder)  semi-automatic  quick-firing  gun  is 
shown  on  figs.  36  to  38,  and  may  be  described  in  detail. 

The  gun  rests  in  a  cradle  provided  with  two  combined  hydraulic  and  spring  buff- 
ers, the  piston  rods  of  which  are  connected  to  a  projection  at  the  breech  end  of  the 

gun.  In  the  rear  of  the  cradle  A  is  a  pistol  grip  P>  which  contains  the  trigger  C,  and 

on  the  right-hand  side  is  a  detachable  lever  1),  by  the  movement  of  which  the  breech- 
block E  can  be  lowered  or  raised.  The  breechblock  is  capable  of  vertical  movement, 

and  contains  the  mainspring  F,  firing  pin  G,  sear  II,  and  cocking  lever  I.  Situ- 
ated between  the  buffers,  underneath  the  cradle,  is  a  powerful  fiat  spring  K,  the 

action  of  which  works  the  breech  mechanism. 

To  prepare  the  gun  for  firing  the  breech  is  opened  by  the  movement  of  the  hand 

lever  I),  the  handle  of  which  is  made  to  rest  in  a  crutch  prepared  for  its  reception. 

By  the  movement  of  the  hand  lever  a  crank  M  is  turned,  the  action  of  which  brings 

down  the  breechblock  E  and  compresses  the  powerful  flat  spring  K  situated  between 
the  buffers.  At  the  same  time  the  mainspring  F  is  compressed,  and  is  kept  in  this 
condition  by  the  action  of  thesearH.  The  breechblock  E  in  moving  down  strikes  the 

lower  extension  O  of  the  extractor  and  causes  the  upper  portion  to  move  out  from 
the  face  of  the  end  of  the  barrel,  and  brings  two  small  projections  P  over  the  upper 

edge  L  of  the  breechblock  E,  thus  preventing  it  from  rising  by  the  reaction  of  the 

spring  K.  The  cartridge  is  smartly  pushed  into  the  bore,  and  as  it  goes  forward  into 
the  chamber  its  rim  strikes  against  the  extractor  and  forces  back  the  projections  1\ 

which  prevented  the  breechblock  from  rising.  The  fiat  spring  before  referred  to 
acts  and  rotates  the  crank  M,  thus  raising  the  breechblock  until  the  breech  is 
closed.  The  tail  end  K  of  the  sear  is  now  engaged  with  the  toe  8  of  the  trigger,  and 

by  pulling  the  trigger  pull  C  to  the  rear  the  trigger  releases  the  sear,  and  the  tiring 
pin  (i  is  thrown  forward  by  the  action  of  the  mainspring  F.  On  the  pulling  of  the 

trigger  the  gun  is  fired,  and  recoils  in  the  cradle;  the  recoil,  which  is  controlled  by 
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Fres.  36  to  38-MECHAN1SM   FOR  3-INCH  (14-PDR.)  SEMI-AUTOMATIC  QUICK-FrRING  GUN. 
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FIG.   39.— 3-POUNDER   AUTOMATIC  GUN   WITH   HOPPER   FEED. 
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the  hydraulic  buffers,  compresses  the  powerful  springs  round  the  piston  rods,  and 

the  reaction  of  these  springs  at  once  returns  the  gun  into  its  original  position  in  the 

cradle.  As  the  gun  returns,  the  action  pawl  T  engages  the  hook  U  on  the  crank  M, 
which  causes  the  crank  to  rotate,  and  thereby  bring  down  the  breechblock.  The 

extractor  is  actuated  upon  by  the  fall  of  the  block;  it  first  loosens  the  cartridge  by  a 
slow  movement,  which,  rapidly  increasing,  finally  ejects  it  to  the  rear. 

The  3-pounder  automatic  gun. — Another  type  of  gun  for  resisting  torpedo-boat 
attack,  namely,  the  3-pounder,  is  one  which  at  the  present  moment  calls  for  much 
study.  The  gun  selected  for  general  description  is  one  now  being  extensively  used 

in  the  United  States  Navy,  although  the  automatic  device  is  at  the  present  tune  only 

under  experimental  trial.  The  naval  mounting  for  this  47-millimeter  (3-pounder) 

automatic  quick-firing  gun  is  illustrated  by  fig.  39,  annexed,  and  by  figs.  40  and  41, 
and  the  following  is  a  detailed  description: 

This  mounting  consists  of  the  crosshead  A  formed  in  one  piece  with  a  pivot 

turning  in  the  socket  B,  which  is  supported  by  a  cylindrical  base  C,  and  is  seemed 

thereto  by  a  holding-down  ring  D. 
The  cradle  E,  through  which  the  gun  recoils,  is  provided  with  an  hydraulic  buffer 

F,  in  which  works  a  piston  attached  to  a  lug  on  the  breech  end  of  the  gun.  On  the 

cradle  are  forged  the  trunnions  G,  which  are  supported  in  bearings  H  formed  in  the 
jaws  of  the  crosshead. 

The  elevating  and  training  of  the  gun  are  performed  by  means  of  the  shoulder- 
piece  K,  which  is  attached  to  the  cradle.  Attached  to  the  crosshead  is  the  elevating 

segment  X  grooved  to  receive  the  clamping  bar  P,  which  is  attached  to  the  cradle. 
This  bar  being  tightened  in  the  groove  by  means  of  the  wheel  R,  the  gun  is  fixed  at 

the  required  elevation.  A  clamping  screw  is  also  provided  in  the  socket  B,  which 

holds  the  pivot  at  any  point  of  training. 

A  pair  of  arms  L  L,  forming  extensions  of  the  crosshead,  carry  the  shield  M,  which 

protects  the  man  working  the  gun. 

The  cylinder  of  the  hydraulic  buffer  is  provided  with  grooves  which  allow  the  oil 

to  escape  round  the  piston  head  and  so  regulate  the  flow  that  a  constant  pressure  is 

maintained  during  recoil,  inside  the  cylinder  is  a  strong  spiral  spring  surrounding 

the  rod,  which,  being  compressed  by  the  recoil,  causes  the  gun  to  return  to  its  former 

position. 

The  hopper-feed  mechanism  of  this  47-millimeter  gun  is  of  greal  interest.  It  is 
shown  in  detail  in  figs.  42  and  43,  and  is  thus  described: 

Directly  the  gun  recoils  it  brings  the  carrier  rest  A  under  the  Lug  B  on  the  carrier 

C,  and  does  not  leave  it  until  1  he  gun  has  returned  to  its  firing  position,  the  carrier  ( ' 
can  therefore  under  no  condition  descend  until  the  gun  is  home.  During  the  recoil, 

the  face  of  the  barrel  breech  forces  the  plunger  I),  with  its  pawl  and  feeder  E,  hack 
until  the  hook  F  on  the  pawl  <J  passes  the  lug  II  on  the  shoulder  piece  1.  The  pawl 

is  raised  by  its  spring  K,  and  the  hook  F  engages  with  the  lug  II,  thereby  cocking 
the  plunger  piston  I).  The  gun  returns,  and  at  a  certain  distance  from  home  the 

action  pawl,  coining  into  play,  opens  the  breech,  and  the  ejection  of  the  empty  case 
begins. 

When  fully  home,  the  earlier  C  descends,  being  clear  of  the  cat  rier  support    \ .  and 

after  being  moved  a  certain  distance  it  engages  with  the  part  of  the  pawl  forming  the 

feeder  E,  depi  it,  and  Anally  disengaging  the  hook   F  from  the  lug  II  on  the 
shoulder  piece  I . 

The  plunger  piston  spring  K  reacts  and  returns  the  plunger  l»,  with  it- paw  I  and 
feeder  E,  to  its  original  position,  the  feeder  forcing  the  cartridge  in  the  carrier  for* 
ward,  shooting  it  into  i he  chamber. 

The  breechblock  L,  during  its  ascent,  raises  the  lifting  lever  VI,  and  through  it  the 
carrier C.     When  this  latter  is  nearly  home,  it  i  the  projection  with 

the  tail  N  of  the  escapement,  and  moves  it  out  ol  the  path  ol  the  cartridge  iu  the 
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hopper  0.  The  cartridge  being  thus  liberated,  slides  through  the  hopper  into  the 
earner,  its  place  in  the  hopper  being  taken  by  the  next  cartridge,  which  in  turn  is 
locked  by  the  escapement  as  the  carrier  descends,  and  is  liberated  on  the  return  of 
the  carrier. 

To  load  the  gun  the  following  operations  are  necessary:  Open  the  breech  by 
depressing  the  hand  lever  P,  and  return  it  to  its  original  position.  Insert  a  loaded 
cartridge  in  the  breech  beneath  the  carrier,  and  send  it  home  in  the  chamber  by  a 

quick  forward  push,  as  in  loading  an  ordinary  semi-automatic  gun.  The  breech  will 
then  close  automatically.     Charge  the  hopper,  and  the  gun  is  ready  for  firing. 

The  "pom-pom." — Guns  to  resist  torpedo  or  submarine-boat  attack  must  also 
include  the  " pom-pom,"  now  almost  universally  adopted  as  a  high-power  auto- 

matic firearm  specially  applicable  as  a  personal  deterrent,  when  searching  out  for 
gun  crews  or  others  doing  important  duty  on  board  torpedo  vessels,  or  any  warship, 
and  not  protected  by  armor.  The  rate  of  fire  of  the  gun  is  about  250  rounds  per 
minute,  and  each  shell,  weighing  about  1\  pounds,  bursts  on  impact  into  about  13 
pieces.  Such  a  gun,  it  will  be  recognized,  is  specially  suitable  for  attacking  gun 
crews  in  the  fighting  tops,  etc.,  the  hail  of  shell  rendering  it  impossible  for  the  men 
to  remain  exposed  at  their  guns.  When  the  German  ships  were  recently  attacking 

the  Chinese  forts  at  Taku,  the  "pom-pom"  drove  the  gunners  away  from  the  fort 
weapons,  leaving  them  to  be  put  out  of  action  by  the  heavier  caliber  quick  firers  on 
board  the  ship.  Our  Admiralty  would  therefore  be  well  advised  to  have  a  few  of 

these  " pom-poms"  on  board  every  ship  for  such  special  duty,  particularly  as  they 
can  be  utilized  on  landing  carriages,  in  addition  to  sea  service  or  attack  on  coast 
defenses.  The  experience  during  the  Transvaal  war  has  specially  demonstrated 

their  value  as  naval-landing  guns.  The  general  arrangement  of  their  mechanism  is 
similar  to  the  rifle-caliber  Maxim  gun. 

PROJECTILES    AND    PROPELLING    POWDERS. 

The  question  of  projectiles  for  modern  naval  artillery  is  receiving  the  greatest  at- 
tention in  all  countries.  Nearly  ten  years  ago  the  Russian  Government  commenced 

experiments  with  capped  projectiles,  and  demonstrated  their  advantage;  recent  de- 
velopments in  this  country  have  led  to  their  being  ordered  for  use  with  guns  of 

12-centimeter  caliber  and  upward.  For  many  years  the  French  have  utilized  caps 
in  connection  with  armor-piercing  shell.  Recent  developments  in  Germany  show 
that  they  are  also  about  to  use  capped  projectiles,  and  Messrs.  Krupp,  of  Essen,  are 

recommending  one  of  their  own  construction,  which  greatly  improves  the  armor- 
piercing  capacity  of  the  shell.  The  author,  from  experience,  greatly  favors  the 

application  of  a  cap  to  all  armor-piercing  projectiles  for  use  against  modern  armor, 
although  the  advantages  of  the  capped  projectile  against  comparatively  soft  armor 
are  not  realized  to  any  serious  extent. 

The  types  of  armor-piercing  shell  are  so  numerous  that  no  attempt  can  here  In? 
made  to  enter  into  details;  but  the  author  believes  so  much  in  the  importance  of  the 

really  armor-piercing  shell  from  a  naval  point  of  view — the  penetration  of  a  ship's 
side  when  the  projectile  hits  being  so  supremely  important — that  no  money  should 
be  spared  to  secure  the  very  best  obtainable.  Really  regular  and  reliable  results  are 
only  to  be  insured  by  the  best  forged  steel,  and  not  from  shells  made  from  castings 
unforged. 
The  experiments  carried  out  against  II.  M.  S.  BeUeiale  prove  the  destructive  effect 

of  the  high  explosive  shells,  if  they  penetrate  through  the  armor  or  otherwise  get 

into  the  interior  of  the  ship,  as  described  in  last  year's  Brassey's  Annual.  The  value 
of  such  shells  against  superstructures  and  the  nonprotected  upper  works  of  the  shin 
is  very  great;  but  the  attack  on  such  parts  of  a  ship  would  not  be  in  any  way  deci- 

sive, and  the  best  way  to  really  put  a  ship  out  of  action  is  to  perforate  the  armor 
near  the  water  line,  or  to  get  a  large  number  of  projectiles  behind   the   armored 
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protection.  Such  results  are  only  possible  by  perforating  the  modern  hard-faced 
armor,  and  it  would  therefore  seem  supremely  important  in  all  armor-piercing  shells 
which  are  now  being  utilized  that  they  should  be  made  of  such  material  as  to  insure 

their  being  able  to  perforate  the  most  modern  hard-faced  armor  without  breaking 

up,  as  is  at  the  present  time  more  usual.  This  the  author  believes  to  be  only  possi- 

ble by  armor-piercing  projectiles  fitted  with  caps,  and  there  is  exhibited  a  6-inch 

shell  which  a  few  weeks  ago  passed  without  injury  through  the  latest  type  of  6-inch 

hardened  plate  with  the  very  moderate  velocity  of  1,950  feet.  A  projectile  so  con- 
structed and  fitted  with  a  cap  would  be  able  not  only  to  pass  through  a  6-inch  plate, 

but  through  a  12-inch  plate  should  the  necessary  energy  be  given  to  the  projectile, 
and  the  author  has  already  indicated  how  such  increased  energy  may  be  attained, 

even  in  ourexisting  naval  artillery.  A  semi-armor-piercing  shell  properly  constructed 
and  fitted  with  a  cap  would  also  have  much  greater  powers  of  penetration  than  the 

existing  semi-armor-piercing  shell  without  a  cap,  and  it  would  appear  desirable  that 
the  largest  portion  of  the  projectiles  carried  on  board  all  ships  should  be  constructed 

of  sufficient  strength  and  fitted  with  caps  so  as  to  be  capable  of  perforating  modern 

armor,  such  as  will  be  found  on  the  ships  of  all  possible  opponents.  From  70,000  to 

80,000  tons  of  this  armor  is  made  annually  for  the  navies  of  the  world. 

Next  in  importance  to  the  armor-piercing  or  semi-armor-piercing  shell  come  the 

large-capacity  shells  carrying  a  high  explosive.  For  this  purpose  Germany  and 

France,  like  Britain,  make  use  of  picric  acid,  but  the  Russian  Government  are  utiliz- 

ing gun  cotton  in  shells  up  to  11-inch  caliber. 
In  regard  to  propelling  powders  for  guns,  there  is  not  much  difference  of  opinion, 

except  in  Great  Britain,  as  to  the  most  suitable  compound;  most  countries  have 

adopted  or  are  about  to  adopt  a  nitrocellulose  powder.  For  use  with  rifles,  England, 

Italy,  and  Norway  may  be  said  to  be  the  only  countries  now  using  a  nitroglycerin 

composition  of  powder,  whereas  Germany,  Austria,  France,  Eussia,  the  United 

States,  Spain,  Denmark,  Roumania,  and  the  Spanish-American  States  utilize  entirely 
a  nitrocellulose  compound.  In  regard  to  the  explosives  used  for  heavier  artillery, 

Great  Britain,  Italy,  and  Austria  are  the  only  countries  which  have  permanently 

retained  the  nitroglycerin  form,  whereas  Germany,  France,  Russia,  the  United 

States,  Spain,  and  Japan  utilize  nitrocellulose  powder. 
The  most  important  considerations  in  determining  the  best  composition  of  powder 

to  be  adopted  are:  Firstly,  its  keeping  qualities  and  safety  under  normal  climatic 

conditions;  secondly,  its  capability  of  obtaining  the  highest  possible  ballistics,  and 

consequently  the  flattest  trajectory,  and,  thirdly,  its  regularity  in  results,  so  that  the 
ballistics  may  not  be  seriously  affected  by  change  of  temperature  or  by  the  wearing 

away  of  the  gun  due  to  excessive  erosion.  All  these  qualities  are  secured  by  the  use 
of  a  properly  manufactured  nitrocellulose  powder,  whereas  none  of  these  conditions 

can  he  said  to  he  met  by  any  powder  containing  nitroglycerin. 

At  the  present  time  the  Russian  Government  manufactures  the  Largest  quantity  of 
nitrocellulose  powder.  Up  to  about  two  years  ago  all  the  conditions  enumerated 

irere  not  fulfilled,  owing  to  the  nitrocellulose  used  lor  the  powder  not  being  quite 

latisfactory ;  but  since  then  they  have  obtained  the  hest  results  by  using  the  system 

employed  by  the  Cologne  Rotweil  Company  at  their  factory  at  Schluselburg.  In 
Prance  and  Russia  also  great  difficulty  was  experienced  at  the  outset  in  obtaining  a 

really  suitable  nitrocellulose,  and  in  carrying  out  the  necessary  operations  t<>  render 

the  powder  really  homogeneous  and   safe.      Indeed,  it    is  <ml\    l>\   <;uctul  study  ami 

much  experiment  that  the  manufacture  of  nitrocellulose  powder  has  n«»w  become 

really  reliable  and  stable.  The  most  serious  experimental  work  in  connection  with 

tin-  matter  ha-  been  carried  out  by  the  Cologne  Rotweil  Company,  at  whose  estab- 
lishment extensive  chemical  research  is  always  in  |  rhe  Russian  Govern- 

ment realized  this  some  yeai  and  in  consequence  gave  this  company  a  large 
number  of  orders,  rendering  it  possible  for  them  to  establish  large  works  in  Russia 
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for  the  development  and  manufacture  of  this  highly  important  artillery  necessity. 

Tims  the  average  production  in  Russia  of  nitrocellulose  powder,  manufactured  upon 
a  Rotweil  system,  amounts  now  to  about  400  tons  per  annum. 

It  is,  in  the  author's  opinion,  the  only  suitable  compound  for  use  with  high-power 
artillery,  and  as  experiments  have  convinced  the  author  that  powders  containing  even 

a  small  proportion  of  nitroglycerin  are  unsuited  to  guns  developing  high  velocity, 

he  believes  that  the  British  authorities  would  be  well  advised  in  adopting  the  nitro- 

cellulose compound.  "■  Difficulties,  no  doubt,  would  attend  such  change  at  the  outset; 
but  the  wear  of  the  guns  at  present,  with  all  attendant  disadvantages,  makes  the 

alteration  almost  imperative,  especially  when  great  power  and  rapidity  of  fire  are 
sought  for,  as  erosion  increases  at  a  much  higher  percentage  with  nitroglycerin  and 

necessitates  an  exceptionally  large  reserve  of  guns  being  kept. 

THE    VELOCITIES    ATTAINED    BY    MODERN    GUNS. 

This  raises  the  question  of  the  velocities  and  ballistics  generally  of  guns,  and 

appended  are  three  diagrams.  Fig.  44  shows  the  velocities,  energies,  and  range  of 

various  types  of  6-inch  guns;  fig.  45  gives  a  comparison  of  the  dangerous  space  of  the 

service  6-inch  guns,  and  of  the  Tickers  weapon  of  the  same  caliber,  and  fig.  46  a 

similar  comparison  for  12-inch  breechloaders.  The  diagram  of  the  12-inch  gun  (rig. 
46)  shows  well  the  value  of  increased  velocity,  the  dangerous  space  of  an  object  30 

feet  high  at  a  fighting  range  of  2,500  yards  being  increased  by  162  yards  in  523  yards 
when  the  muzzle  velocity  is  accelerated  from  2,500  to  2,700  feet  per  second.  The 

former  velocity  is  obtained  with  cordite  (a  nitroglycerin  compound),  and  the  lat- 

ter with  nitrocellulose  powder.  In  the  diagram  of  6-inch  guns  the  velocity  of  a 
gun  firing  at  3,000  foot-seconds  is  compared  with  the  British  gun  now  in  most  of  our 
war  ships,  rather  than  with  the  latest  type,  which  is  now  being  put  into  all  the  new 

ships.  In  this  case  the  dangerous  space  at  2,500  yards  distance  from  the  gun  is 

increased  from  226  yards  to  465  yards  for  a  target  30  feet  fiigh,  which  would  repre- 
sent the  freeboard  of  a  war  ship  or  merchantman.  These  special  cases  establish  the 

importance  of  high  velocity  in  modern  naval  artillery,  for  at  sea  it  is  quite  impos- 
sible to  accurately  judge  distances  at  once,  and  such  errors  in  range  need  not  involve 

the  missing  of  the  ship  if  the  guns  were  of  the  highest  possible  energy,  which  means 

low  trajectory,  and  consequently  an  extended  danger  zone. 

As  to  the  diagram  showing  the  curves  of  comparative  energies  of  various  types  of 

6-inch  guns  (rig.  44),  it  indicates  that  if  the  British  gun  makes  use  of  a  nitrocellulose 

powder  giving  a  velocity  of  about  2,800  foot-seconds,  it  will  be  well  ahead  in  energy 
of  the  6.4-inch  French  gun.  to  which  it  corresponds.  The  6-inch  gun  installed  in 
the  majority  of  our  ships,  however,  is  not  nearly  so  powerful  as  this  particular 

weapon,  as  evidenced  by  the  diagram.  This  great  discrepancy  in  power  could  be 

eliminated  even  with  these  old-fashioned  guns  by  slightly  enlarging  the  chamber 

and  by  utilizing  a  nitrocellulose  powder  instead  of  cordite.  This  simple  modifica- 
tion would  result  in  the  main  armament  of  the  majority  of  our  battleships  and 

cruisers  being  greatly  improved. 

THE  HOTCHKJSS  1-POUHDEB  (87  KM/)  AUTOMATIC  GUN. 

The  1-pounder  automatic  machine  gun  is  based  on  the  same  princi- 
ple as  that  of  the  Hotchkiss  rifle-caliber,  machine,  gun,  but  the  details 

of  the  mechanism  have  been  greatly  modified  in  order  to  simplify  the 
construction  and  strengthen  the  breech  closure.  All  of  the  motions 
of  the  mechanism  are  parallel  to  the  axis  of  the  gun,  and  the  accuracy 

"A  new  powder  known  as  cordite  M.  D.  has  been  tried  since  this  paper  was  writ- 
ten.     Its  results  are  not  entirely  satisfactory  to  the  British  naval  service. 
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of  fire  is  not  affected  by  the  vibration.  The  entire  mechanism  may  be 

completely  dismounted,  or  assembled,  without  the  use  of  tools,  and 

has  been  designed  that  it  may  be  operated  and  cared  for  by  an  enlisted 
man  of  ordinary  intelligence. 

The  firing  gear  is  arranged  for  firing  single  shots,  or  continuously, 
at  will,  the  rate  of  feed  in  the  latter  case  attaining  200  rounds  per 

minute.  The  gun  is  loaded  b}T  means  of  feed  strips  holding  8  or  10 

rounds,  or  by^  belts  of  25  or  50  rounds.  The  rate  of  fire  is  the  same 
for  both  methods  of  loading,  the  strips  being  recommended  except 

when  the  gun  is  mounted  in  a  confined  position,  such  as  in  boat  serv- 
ice, small  turrets,  and  the  like.  Both  strips  and  belts  are  made 

wholhT  of  mild  steel,  and  ma\T  be  employed  indefinitely  without 
re-forming,  and  being  entirely  metallic,  are  not  affected  by  water  and 
climatic  conditions.  The  feed  mechanism  is  positive  and  independent 

of  gravity,  and  is  not  influenced  by  the  elevation  or  depression  of  the 

piece. 
The  cartridges  are  not  fed  into  the  chamber  until  the  instant  of 

firing,  and  consequently  are  not  subjected  to  excessive  temperature 

in  case  the  firing  is  suspended  with  the  gun  loaded.  The  barrel  is 

fitted  with  a  radiator,  which  absorbs  a  great  portion  of  the  heat 

developed  by  the  powder  and  obviates  the  necessity  of  a  water 

jacket. 
GENERAL   PRINCIPLE. 

A  gas  port  is  drilled  into  the  barrel  of  the  gun  a  few  calibers  frorii 

the  muzzle,  and  brings  the  bore  into  communication  with  a  cylinder 

parallel  to  and  beneath  it.  Within  the  cylinder  is  a  piston,  and  when, 

on  the  discharge  of  the  gun,  the  projectile  passes  beyond  the  gas  port, 

the  powder  gas  enters  the  cylinder  and  throws  the  piston  to  the  rear. 

The  rearward  motion  of  the  piston  compresses  the  mainspring,  and 
this,  when  not  prevented  by  the  trigger,  immediately  returns  the 
piston  to  its  original  position.  The  remaining  parts  of  the  mechanism 

are  actuated  by  this  reciprocating  piston,  and  perform  the  operations 

of  opening  and  closing  the  breech,  extraction  and  ejection  of  the 

empty  cartridge  case,  feeding,  loading,  and  firing. 

DETAILED    DESCRIPTION. 

A''"'"'-'/.  The  receiver  is  a  single  gun-metal  casting  und  contains all  of  the  mechanism.  To  (he  front  it  is  threaded  to  receive  the  breech 

piece   H.      In   the   interior  are  worked  a  passage   tor  the   piston   head 

two  longitudinal  guides  for  the  locking  lugs  Y,  N',  of  the  breech 

block,  and  ;i    p  for   the  piston    F'.      To  the   rear  the    receiver  is 
I'd   by  the   breech  cover  A1,  which   is  secured    by  the  pin  A  .      9h 

removing   the  pin  the  breech  cover  in;i\    be  swung  "peii  and   all  of   the 
hanisin  exposed.     The  -boulder  pieci  ited  in  the  breech  cover 
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and  may  be  removed  at  will.  The  feed  block,  V,  is  mounted  in  the 

receiver  from  the  right,  and  is  secured  by  two  pins  r\  r\  On  the 

left  is  mounted  the  deflector  S1,  Avhich  may  be  swung  about  the  pivot 

S3,  and  removed,  exposing  the  ejection  opening. 
Breech  piece. — The  breech  piece  B  is  screwed  into  the  front  of  the 

receiver,  and  is  provided  with  a  seat  b1  for  the  head  of  the  breech- 

block. To  the  front  are  formed  the  rings  b2,  b2,  for  the  absorption 
and  radiation  of  the  heat  developed  by  the  powder  gas. 

Barrel. — The  barrel  is  screwed  into  the  breech  piece,  and  to  the 
front  is  fitted  with  the  collar  E,  for  supporting  the  gas  cylinder.  The 

breech  piece  and  the  barrel  taken  together  form  the  gun,  properly 

speaking,  the  former  supporting  all  the  longitudinal,  and  the  latter  all 

the  tangential  strain. 

Gas  cylinder. — The  gas  cylinder  is  supported  at  the  front  by  the 
collar  E,  and  at  the  rear  by  the  receiver;  it  is  in  communication  with 

the  barrel  by  means  of  the  gas  port. 

Regulator. — The  regulator  R  is  mounted  in  front  of  the  gas  cylinder, 
and  may  be  screwed  in  and  out,  varying  the  amount  of  gas  admitted  to 

the  cylinder,  and  consequently  the  power  for  working  the  mechanism. 

THE   MECHANISM. 

Piston. — The  piston  comprises  the  body  F,  and  the  head  F1. 

Body. — The  front  of  the  body/*  is  formed  to  receive  the  pressure 
of  the  powder  gas,  and  on  its  upper  surface,  which  is  flattened,  are 

formed  the  large  and  small  feeding  cams.  On  the  right  is  worked  the 

guide  groove  of  the  ejector,  and  to  the  rear,  and  below,  is  mounted 

the  sear  K.  The  piston  body  is  hollow  for  the  greater  portion  of  its 

length,  to  receive  and  house  the  mainspring  G. 

Head. — The  head  is  bored  longitudinally  to  receive  the  breechblock 

N,  and  slotted  for  the  passage  of  the  lower  extractor  at  F2.  Near  the 
front  face  are  formed  the  extractor  cams  0,  o. 

Cocking  handle.— The  cocking  handle  J  is  mounted  in  grooves  in  the 
lower  part  of  the  receiver,  and  when  drawn  to  the  rear  abuts  against  a 

projection  on  the  piston,  permitting  the  latter  to  be  pulled  to  the  rear 
and  the  gun  cocked.  During  firing  the  cocking  handle  is  held  to  the 

front  by  a  spring  clip,  and  does  not  participate  in  the  movements  of 
the  mechanism. 

Breechblock. — The  breechblock  is  essentially  cylindrical  in  form,  and 
is  hollowed  to  receive  the  firing  pin  Q.  To  the  front  are  formed  the 

two  locking  lugs  N1,  N1,  which,  bearing  against  the  surfaces  IV.  \Y. 

in  the  breech  piece,  support  the  stress  of  recoil.  At  n*  is  formed  an 

annular  groove,  in  which  are  engaged  the  extractor  hooks  O*.  An 
abutment  n3  is  formed  to  the  front,  and  to  the  rear  the  two  opening 

lugs  ??,  n.  In  the  bod}T  of  the  breechblock  are  cut  two  spiral  slots  P.  1\ 
terminated  to  the  front  and  rear  by  short  portions  parallel  to  the  axis. 
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Firing  pin. — The  firing1  pin  Q  is  mounted  in  the  breechblock,  and 
is  forged  in  a  single  piece.  It  is  provided  with  an  eye  for  the  passage 
of  the  assembling  pin. 

Assembling  pin. — The  breechblock  and  piston  are  connected  by 
means  of  the  assembling  pin  M,  which  passes  through  the  piston  head, 

the  firing  pin,  and  the  spiral  slots  of  the  breechblock. 

Ejector. — The  ejector  is  seated  in  a  recess  in  the  right  side  of  the 
receiver.  Its  lower  portion  is  shaped  to  partially  embrace  the  body 

of  the  piston,  and  in  this  part  is  formed  a  stud  which  engages  with 

the  guide  groove  of  the  piston.  The  head  of  the  ejector  is  shaped  to 
the  profile  of  the  cartridge  case. 

Firing  gear. — The  firing  gear  is  mounted  on  the  left  side  of  the 
receiver  and  protected  by  the  breech  cover.  It  comprises  the  firing 

lever  Y,  the  trigger  X,  the  trigger  spring  X2,  and  the  controlling  lever 

Z.  The  trigger  comprises  the  trigger  proper  x1  and  its  shaft,  the 
spring  lever  ,r2,  and  the  firing  toe  x3.  The  trigger  spring  is  in  tension 
between  the  spring  lever  a?  and  the  arm  y2  of  the  firing  lever;  it  tends 

to  turn  the  trigger  upward  until  the  firing  toe  x%  rests  against  the  stop 
a  on  the  receiver. 

The  firing  lever  Y  is  mounted  on  the  pivot  a1,  and  moves  between 

the  receiver  and  the  left  cheek  of  the  breech  cover.  The  journal  ys  is 
ovaled  two  diameters. 

The  controlling  lever  is  prolonged  to  the  left  to  form  the  hand  rest 

2.  The  gunner  grasps  this  at  the  same  time  as  the  firing  handle  y1, 

and  by  bringing  the  two  together  fires'  the  gun.  On  the  shaft  z  is 
formed  the  controlling  stop  Z,  on  which  are  formed  the  lug  zx  and  the 

recess  z1.  By  turning  the  lever  z^  either  one  of  the  parts  gl,  .r,  zs  may 
be  brought  into  the  path  of  the  firing  lever  Y. 

Action  of  firing  gear. — Suppose  it  be  desired  to  lock  the  gun  against 

accidental  discharge.  The  controlling  lever  24  is  turned  to  the  posi- 

tion marked  "safety."  In  this  position  the  lug  zl  is  brought  into  the 
path  of  the  firing  lever,  and  the  latter  can  not  be  moved  to  the  rear 

sufficiently  to  free  the  trigger  from  the  sear.  Suppose  it  be  desired 

to  fire  single  shots.  The  controlling  lever  is  turned  to  the  position 

marked  "single  shots."  In  this  position  the  recess  :!  is  in  the  path  of 
the  firing  lever,  and  the  latter  may  be  brought  to  its  extreme  rearward 

position.  As  the  firing  lever  is  brought  to  the  rear,  the  firing  arm  // 

bear-  on  the  firing  toe  .'':  and  causes  the  trigger  to  turn  until  the  sear 
i-  released.  The  firing  arm  now  rides  over  the  firing  toe,  and  the  trig- 

ger   resumes   its  original  position.      In  order  to  lire  a  second  shot  it  is 

necessary  to  release  I  he  firing  lever,  when  i  he  firing  arm  //'  n\  ill  spring 

to  its  firsi  position,  the  ovaled  journal  v;  permitting  the  tiring  arm  to 
ride  over  the  end  of  the  tiring  to.-  ,/:!. 

For  automatic  firing  the  controlling  lever  is  turned  t<>  the  position 

marked  "automatic* "     In  this  position  the  edge      of  tin-  controlling 
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stop  falls  in  the  path  of  the  firing  lever  and  it  is  impossible  to  bring 

the  latter  sufficiently  to  the  rear  to  cause  the  trigger  to  release  the 

sear,  but  not  far  enough  to  enable  the  firing  arm  y4  to  spring  over  the 

firing  to  ar*. 
Stop. — The  stop  H  has  the  double  function  of  holding  the  breech- 

block and  piston  in  the  cocked  position  when  the  gun  is  not  loaded, 

and  of  preventing  any  backward  movement  of  the  feed  strip  during 
firing.  It  is  journaled  in  the  right  side  of  the  receiver  below  the  feed 

block,  and  drawn  upward  try  the  tension  of  the  coiled  spring  U.  It  may 

be  freed  from  engagement  with  the  piston  or  the  feed  strip  b}^  means 
of  the  handle  h.  On  its  upper  end  are  formed  two  ratchet  teeth, 

which  project  through  a  slot  in  the  bottom  of  the  feed  block,  but  which 

are  pushed  downward  when  a  feed  strip  is  in  the  gun.  When  in  the 

downward  position,  they  permit  tenons  on  the  feed  strip  to  move  to 

the  left,  but  prevent  any  movement  to  the  right.  The  body  of  the 

stop  is  semi-circular  in  form,  and  when  in  its  upward  position  falls  in 

the  path  of  the  abutment  f'2  on  the  piston  and  prevents  a  forward 
movement  of  the  latter  independently  of  the  trigger;  the  feed  strip 

is  cut  away  to  permit  the  stop  to  take  this  position  when  the  last 

cartridge  of  a  strip  has  been  fired.  When  the  strip  is  in  the  gun.  the 

stop  is  held  out  of  line  with  the  piston,  and  the  latter  is  controlled  by 

the  trigger  alone. 

Feed  strips. — The  feed  strips  are  flat  steel  trays  on  which  are  formed 
two  series  of  clips,  which  hold  the  cartridges  near  the  base  and  the 

projectiles  near  the  points,  respectively.  The  clips  are  so  formed  that 

the  cartridges  can  not  be  released  except  by  withdrawing  them  slightly 

to  the  rear.  This  movement  is  prevented  by  an  undulated  strip  of 

steel,  the  undulations  of  which  are  in  line  with  the  heads  of  the  car- 
tridges. As  the  strip  is  fed  through  the  feed  block  these  undulations 

are  successively  flattened  down  in  the  groove  w%and  at  the  same  time 

each  cartridge  is  in  turn  drawn  to  the  rear  by  an  inclined  guide.  On 

the  under  surface  of  the  strip  is  formed  a  series  of  tenons,  which 

engage  with  the  feed  cams  on  the  piston,  and  for  each  backward  and 
forward  motion  of  the  latter  cause  the  strip  to  advance  the  distance 

necessary  to  bring  a  fresh  cartridge  to  the  loading  position.  The  feed 

strips  are  made  for  either  S  or  10  rounds  of  ammunition. 

Feed  belts. — The  feed  belts  are  composed  of  a  series  of  independent 
cartridge  holders,  jointed  together  to  form  a  chain.  Each  cartridge 

holder  has  four  clips,  two  of  which  grasp  the  cartridge  near  its  base 

and  two  the  projectile  near  the  point.  A  flat  spring  prevents  the  car- 
tridge from  moving  longitudinally  in  its  holder,  precisely  as  in  the 

case  of  the  feed  strip.  The  method  of  jointing  the  successive  cartridge 
holders  together  is  such  that  any  holder  may  be  removed  or  replaced 

in  case  of  damage.  The  belts  which  are  made  for  25  or  50  rounds  are 
carried  coiled  in  service  boxes,  from  which  they  are  fed  directly  to 
the  gun. 
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ACTION    OF    THE    MECHANISM. 

Suppose  the  gun  to  have  been  hred;  as  the  projectile  passes  over  the 

gas  port  &  a  portion  of  the  gas  enters  the  gas  cylinder  D.  and.  striking 

the  end  of  the  piston  f,  throws  the  latter  to  the  rear.  As  the  head  F1 
of  the  piston  moves  to  the  rear,  the  assembling  pin  M  moves  first 

along  the  short  parallel  portion  of  the  grooves  in  the  breechblock, 
withdrawing  the  firing  pin.  When  the  pin  has  been  withdrawn,  the 

assembling  pin  enters  the  spiral  portion  of  the  grooves,  and  as  the 

breechblock  is  prevented  from  moving  to  the  rear  by  the  lugs  N1  N1 
bearing  against  the  surfaces  B2  B2  of  the  breech  piece,  the  breech- 

block is  revolved  about  its  axis  until  unlocked,  and  until  the  lugs 

N1  N1  fall  in  line  with  the  grooves  W  W\  At  this  moment  the  assem- 
bling pin  has  arrived  at  the  end  of  the  spiral  portion  of  the  grooves 

in  the  breechblock  and  enters  the  short  parallel  portion  p.  In  this 

last  movement  the  cams  o  o  on  the  head  of  the  piston  pass  under  the 

extractor  levers  R3  R3,  and  the  extractors  are  caused  to  pivot  about 
the  hooks  <r  </,  forcing  the  claws  into  positive  engagement  with  the 

empty  cartridge.  At  this  moment  the  rear  face  P3  of  the  piston  head 
strikes  the  opening  lugs  n  //,  and  the  breechblock  moves  to  the  rear 

with  the  piston.  The  ejector  stud,  during  the  first  part  of  the  move- 
ment of  the  piston,  is  engaged  in  a  portion  of  the  ejector  guide  which 

is  parallel  to  the  direction  of  the  movement.  When,  however,  the 

breechblock  has  arrived  sufficiently  to  the  rear  to  unmask  the  ejection 

opening,  the  stud  enters  the  inclined  part  of  the  guide  groove  and 

cause's  the  ejector  to  revolve  about  the  piston,  striking  the  empty 
cartridge  and  forcing  it  out  of  the  ejection  opening.  Here  it  is 
received  by  the  deflector  and  caused  to  fall  verticallv  to  the  around. 

As  the  piston  continues  to  recoil,  compressing  the  main  spring,  the 

small  feed  cam  engages  behind  one  of  the  tenons  of  the  feed  strip 
and  partially  advances  the  latter  to  the  loading  position.  Finally, 
when  the  piston  has  finished  its  movement  to  the  rear,  the  sear  K 

engages  with  the  trigger  ,/•'.  and  the  gun  is  cocked  ready  for  the  next 
shot. 

On  pulling   the    trigger   the    piston  is  thrown    to   the    front    by    the 

mainspring,  and  in  its  forward  movement  the  huge  U^al  cam  strikes 
the  tenon  of  the  feed  strip,  and  brings  the  cartridge  fully  to  the  load- 

ing position.  As  the  piston  starts  forward,  the  assembling  pin  mow- 

along  the  parallel  portion  of  the  grooves  in  the  breechblock,  and  the 
cam-  o  <>  pa--  from  under  the  ends  of  the  extractor  levers  and  free  the 

extractors.  A-  t  he  piston  continues  to  advance,  the  assembling  pin  M 
enters  t  he  spiral  portion  of  the  grooves,  and  as  the  breechblock  i-  pre 

vented  from  tinning  through  the  lug-  V  V  bein  I  in  their 

guides,  the  breechblock   move-  forward  with    the  piston.       The  projec 

tion  <>'  on  the  lower  extractor  strikes  the   cartridge,  pushes  it  home  in 
the  chamber,  and  the  extractor  daw  -   past  over  the  flange  of  the  < 
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tridge.  The  breechblock  is  now  stopped  ])y  its  front  face  ns  striking 
the  rear  of  the  breech  piece,  the  locking*  lugs  in  line  with  their  seat  J1. 
The  piston  continuing  its  forward  movement,  the  assembling  pin  moves 
along  the  spiral  portion  of  the  grooves  and  causes  the  breechblock  to 
make  a  half  turn  and  lock,  the  lugs  bearing  to  the  rear  against  the 

abutments  Ba  B2  of  the  breech  piece.  The  breech  being  now  fully 
closed,  the  assembling  pin  passes  into  the  parallel  portion  of  the 
grooves,  forces  the  firing  pin  against  the  primer,  and  fires  the  gun. 

The  piston  is  stopped  by  the  abutment  P1  striking  the  corresponding 
abutment  P2  on  the  breechblock. 

In  order  to  fire  the  first  round,  it  is  necessary  to  cock  the  gun  by 

hand  b}T  means  of  the  cocking  handle  J,  but  after  this  the  action  of 
the  gun  is  completely  automatic,  as  the  stop,  as  already  explained, 
holds  the  breech  open  after  the  last  round  on  each  feed  strip  has  been 
fired. 

DISMOUNTING   AND   ASSEMBLING    THE    MECHANISM. 

The  mechanism  is  dismounted  and  assembled  without  the  use  of 

tools,  as  follows:  The  breech  being  closed,  remove  the  breech-cover 
pin,  turn  back  the  breech  cover  on  the  receiver,  unhook  both  ends  of 
the  trigger  spring,  remove  the  firing  lever  and  the  trigger,  pull  out 
the  controlling  lever  and  withdraw  its  shaft,  withdraw  the  mainspring, 
remove  the  piston  and  with  it  the  breechblock,  back  out  the  assembling 
pin,  give  a  quarter  turn  to  the  breechblock  and  dismount  from  piston, 
drop  out  firing  pin,  unhook  extractors,  remove  ejector,  unhook  stop 
spring,  and  remove  stop. 

The  mechanism  is  assembled  in  inverse  order. 

CARE   AND   PRESERVATION. 

The  gun  requires  no  special  care  beyond  being  kept  clean,  free  from 
dust,  and  undefaced.  No  brick  dust  or  gritty  substances  should  be 

used  on  any  part  of  the  mechanism,  nor  should  the  parts  be  scraped 
with  knives  or  roughened  in  any  way. 

All  parts  of  the  gun  should  he  kept  well  oiled  as  a  protection  from 
rust. 

Always,  after  firing,  the  gun  should  be  thoroughly  cleaned.  To  do 

this,  dismount  the  mechanism  completely  and  wash  every  part  thor- 
oughly with  warm  fresh-water  soapsuds.  Mechanism,  barrel,  and 

cylinder  should  be  treated  alike.  Stains  and  residue  of  the  powder 
can  be  best  removed  with  petroleum.  Special  care  should  be  taken  to 
remove  all  residue  from  the  gas  cylinder. 

After  cleaning,  all  parts  should  be  thoroughly  dried,  and  then  well 
oiled  with  light  machine  oil  or  vaseline. 

Inspect  and  reoil  once  a  week.  In  1  coiling,  remove  all  of  the  old 
oil  that  has  become  clogged  with  dust  or  grit. 

After  firing  or  cleaning  close  the  breech;  never  leave  the  gun  at 
full  cock. 
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If  any  difficulty  occurs  in  loading-,  cock  the  gun  and  load  with  a  fres  h 
feed  strip. 

If  the  gun  does  not  extract,  screw  in  the  regulator  a  few  turn-. 
This  will  increase  the  pressure  and  probably  remedy  the  difficulty.  If 
this  is  not  sufficient,  change  one  or  both  of  the  extractors. 

Although  the  following  parts  are  required  for  the  perfect  working 

-of  the  gun,  they  are  not  absolutely  essential,  and  any  one  or  all  of 
them  may  be  broken  or  removed  without  disabling  the  gun.  Thus  the 

gun  will  fire  automatically  without  the  stop,  stop-spring,  trigger, 

sear,  trigger-spring,  controlling  lever,  controlling-lever  shaft,  and 
deflector. 

The  powder  charges  are  normally  40  grams  of  French  smokeless 

powder  with  an  ignitor  of  2  grams.  Black  powder  is  not  employed 
in  the  automatic  gun  because  of  the  smoke  and  residue,  the  latter 

clogging  the  gun. 

Deck  mounting. — This  mounting  is  arranged  to  embody  the  feature 

of  quick  pointing  directly  from  the  shoulder,  together  with  elevating- 
gear,  which  may  be  employed  when  required.  The  gun  is  mounted 

on  a  gun-metal  pivot,  on  which  are  formed  lugs  for  carrying  a  bullet- 

proof shield.  A  bracket  is  formed  on  the  rear  of  the  pivot  for  sup- 
porting the  elevating  gear.  The  pedestal  is  a  light  steel  cone  in  which 

arc  riveted  the  gun-metal  socket  and  the  holding-down  ring.  The 
elevating  gear  comprises  a  hollow  rod,  on  which  is  formed  a  series 

of  interrupted  annular  ribs,  and  which  engages  with  a  nut  journaled 

in  the  bracket  of  the  pivot.  This  nut  can  be  given  a  quarter  turn  by 

means  of  a  self -locking  lever  placed  conveniently  to  the  gunner's  hand. 
When  the  lever  is  turned  to  the  left,  the  nut  engages  with  the  annular 

rib-  on  the  rod.  and  the  gun  is  locked  in  elevation.  In  this  position 
the  gun  may  be  elevated  or  depressed  through  a  range  of  10  degrees 
by  means  of  a  hand  wheel  and  elevating  screw  mounted  in  the  rod 
itself.  When  the  lever  is  turned  to  the  right,  the  ribs  on  the  rod 

Register  with  blanks  in  the  nut.  and  the  gun  is  free  to  be  pointed  in 
elevation  by  means  of  the  shoulder  piece.  The  gun  is  trained  directly 
from  the  shoulder  and  may  be  instantly  (damped  in  any  desired 
direction. 

II .  ights  and  measurements. 
( inn: 

Diameter  of  bore.  -   millimetei  37 

Length  of  bore  (35  calibers)   do    L,  205 

I  length  of  gun   do    2,213 
Weight  of  gun  complete       kilograms.  170 

Ammunition  : 

Weight  of  charge                                                   ran  10 
Weight  of  projectile                                                                         do  160 
Weight  of  complete  cart  ridge                                                               do 
Initial  velocity                                                                     in.  i.i  9e<  ond 

L300    02   b 
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W<  ip  with  10  rounds   ki"   a 
W  p  with  8  pounds   do   

Weight  . -.f  feed  belt  with  2o  rounds   <i  _  \.  0 
:  mount 

W<   _        E  mounting  without  shield   do   
-millimeter  shield   do           60 

Height  a  atform   millimeters..  1.120 

Maximum  angles  of  lire    a  -A 

Weigl  tt       -      .  mounting,  and  shield   kilograms. .       435 
Field  caniag 

a  in  carriage   do   
Weight  of  one  wheel   do           45 

els    .millimeters. .  1, 150 
Track  of  carriage   do     1 .  _ 
Height  of  trunnions  a  _    rand   do   

Maximum       _        :  elevation   degrees. .    —  17 
Maximum       a  -        do      —14 
Maximum  angle  of  tra\    r»   do           10 
Weight       .run  in  battery   k: 

Limber: 

\V<  _  limber  empty   do         287 
ried   

a  it  <>f  liinber  fully  equipped   kilograms. . 
ason: 

W«  _  empty   do   
Weight  of  caisson  body  empty   do   
Numb  -  -          

We  _  fully  equipped   kilograms..  1,100 
Weight  behind  gun  team   do   1. 010 

KHJPP  ie-lM  II    OH  11-120  ■  01  n*  Pol  <•>  KM  v>  SHIPS. 

Th  -centimeter  (12-inch)  Krupp  gun    -      ported  as  being  one 
of  the  most  powerful  -  ntatives  of  modern  naval  and  coast  guns. 
The  t  a  Little  «»ver  15  n  _  and  weigh-  nearly 

The  initial  velocity  of  the  armor-piercing  shell,  weigh: 
44:.  kilngrai:  5),  is  S2  feet),  while  that  of 

th.  2  7  7l'    pom     9)  si  s    1,015    met< 
feet).     The  working  energy  of  these  projectile-  upon  leaving  the  tube 
is    >. B75  metric  t  -     ending  etrath  er  of  11" 
centimeters  -  st   el.  or  55  centimeters  (21.65  inches)  of 

rupp  armor,  or  165  centim  inches)  of  wrought-iron  armor. 
The  n<  i  man  battleships  J  and  H  will  have  the  Krupp  (rapid- 

fire    28-     ntimeter  (11-inch)  gm 
These  new  Krupp  gun-  are  claimed  to  have  mud  er  muzzle 

velocity.  893  met     -  eond.     Thi-  gun  will  weigh 
tons.     The]  0  _    $  81.4  kilograms  (180  pounds)  and  the 
projectil*  _        a      4  pounds)  and  345  kilograms 

Its  striking  _  .    ;  tons  will  penetral     - 
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tors  (32  inches)  of  steel.  It  is  reported  that  a  17-centimeter  (6.7-inch) 
R.  F.  gun  will  be  introduced,  thus  giving  the  German  navy  8  calibers 

of  rapid-tiring  guns,  viz:  28-centimeter  (11-inch),  24-centimeter  (9.25- 
inch),  21-centimeter  (8.27-inch),  17-centimeter  (6.7-inch),  15-centimeter 
(5.9-inch),  10.5-centimeter  (4.13-incb),  8.8-centimeter  (3.47-inch),  and 
5-centimeter  (2-inch)  guns. 

DISMOUNTING  ( (INSTRUCTION  FOR  MACHINK  GUNS. 

This  construction  is  applicable  to  automatic  machine  guns  having  a 

sliding  barrel  and  a  water  jacket,  as  in  the  well-known  Maxim  37- 
millimeter  gun,  the  chief  object  of  the  design  being  to  so  construct 
these  guns  that  the  barrel  and  its  water  jacket  can  be  readily  and 
simultaneously  detached  for  convenience  in  transporting  the  gun. 
For  this  purpose  the  breech  end  of  the  barrel  is  formed  with  lateral 
tins  or  projections  to  engage  with  corresponding  grooves  or  recesses 
in  the  recoiling  plates  or  frame;  also  the  breech  end  of  the  water 
jacket  is  formed  with  dovetail  or  similar  grooves  for  the  reception  of 
correspondingly  shaped  ribs  or  projections  on  the  breech  casing.  The 
grooves  or  recesses  in  the  recoiling  frame  and  the  dovetail  grooves  in 
the  breech  end  of  the  water  jacket  are  preferably  disposed  vertically 
so  as  to  permit  of  the  parts  fitting  together  by  a  vertical  movement. 

For  facilitating  the  detachment  of  the  parts,  a  releasing  tool  or  lever, 
as  hereinafter  explained,  is  employed. 

Fig.  1  is  a  side  elevation,  and  fig.  2  a  plan  of  a  Maxim  gun  provided 
with  this  improvement,  the  detachable  water  jacket  and  barrel  being 
represented  in  these  figures  detached  from  the  breech  casing.  Fig.  3 
Lb  a  side  elevation  of  the  gun  with  a  portion  broken  away  to  show  the 

parts  connected.  In  Jiis  view  is  represented  the  tool  or  lever  in  posi- 
tion for  facilitating  the  detachment  of  the  parts  and  with  such  detach- 
ment partly  effected. 

A  A  are  the  side  plates  of  the  breech  casing  and  B  B  the  recoiling 

plates  or  frame.      ('  is  the  barrel  and  D  the  water  jacket. 
oc  are  the  lateral  fins  or  projections  on  the  barrel  near  the  breech 

end  thereof,  and  b  b  are  the  corresponding  recesses  or  vertical  grooves 
in  the  recoiling  plates  1>.  with  which  said  tins  or  projections  are  adapted 

to  engage.  The  metal  at  the  entrance  to  these  recesses  or  grooves  is 

chamfered  or  "faced  off,"  a-  shown  m  fig.  ̂.  and  the  lower  ends  of 
the  projections  c  are  curved  or  rounded  (fig  L)  so  as  to  facilitate  the 

engagement  >f  the  said  projections  with  the -aid  grooves,  ddaxe  the 
vertical  dovetailed  recesses  <>r  grooves  in  the  water  jacket  and  aa 
the  corresponding  rib*  or  projections  on  the  breech  casing  with  which 
the\  are  adapted  i<>  <  The  dovetailed  ribs  a  are  located  <>n  the 

inner  surface  oi*  the  side  plates  A  of  the  breech  casing,  and  preferably 
i  i  of  taper<  d  -trip-  riveted  or  otherwise  wecurelj  attached  to 

side  plates.     At  <»i  near  the  bottom  of  ih<-    ide  plan       top        ma\  i»«- 
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provided  for  preventing  the  water  jaeket  and  its  barrel  from  descend- 
ing too  far  when  being  connected  with  the  breech  casing. 

In  order  to  connect  the  parts  it  is  necessary  to  first  detach  the 

hinged  cover  A1  of  the  breech  casing  by  the  removal  of  its  hinge 
pin  cr  and  also  to  remove  the  feed  block  E  and  the  lock.  The  water 

jacket  with  its  barrel  is  then  placed  in  such  position  relatively  to  the 

breech  casing  that  the  dovetail  strips  a  on  the  casing  and  the  grooves  h 

in  the  recoiling  frame  coincide  with  the  dovetail  recesses  d  in  the 

water  jacket  and  the  lateral  fins  or  projection  c  on  the  barrel.  The 

water  jacket  and  barrel  are  then  pressed  downwardly  with  respect  to  the 

breech  casing,  and  the  upper  portion  of  the  barrel  is  given  a  slight 
blow  to  cause  the  parts  to  become  firmly  connected  together,  the 

stops  a1  limiting  the  extent  of  movement  of  the  water  jacket  and  barrel 

in  this  operation.  A  transverse  pin  a3  is  inserted  to  retain  the  con- 
nected parts  together,  and  the  cover,  feed  block,  and  lock  are  then 

replaced.  The  gun  is  then  ready  to  be  mounted  on  its  tripod  or  sup- 
port for  firing. 

F  is  the  tool  or  lever  which  may  be  employed  for  facilitating  the 

detachment  of  the  barrel  and  water  jacket  from  the  breech  casing  and 

which  is  represented  by  dotted  lines  in  fig.  3.  This  tool  or  lever  is 

constructed  with  a  bent  or  curved  party  to  engage  with  the  rear  por- 

tion d 1  of  the  water  jacket,  and  it  is  also  formed  with  a  forked  heel/'1 
to  bear  upon  the  upper  portion  of  each  of  the  recoiling  plates  or  other 

convenient  part  of  the  breech  casing,  said  forked  heel  serving  as  a 
fulcrum  for  the  lever  to  turn  about  in  starting  the  upward  movement 

of  the  water  jacket  and  barrel  with  respect  to  the  breech  casing.  The 

parts  having  thus  been  initially  liberated  from  engagement  with  one 

another,  their  complete  detachment  can  readily  be  effected  by  the 

operator's  hands  without  further  use  of  the  aforesaid  tool. 

IMPROVEMENT  I>    OBTURATORS  OF  THE   DE  BAXiK  TYPE. 

This  improvement  relates  to  obturators  of  the  ' '  De  Bange  "  type  for 
breech-loading  ordnance  and  aims  to  improve  the  construction  of  such 
obturators  so  that  the  liability  of  their  pads  to  injury  during  use  will 
be  much  less  than  heretofore. 

For  a  gun  having  a  swinging,  screw-threaded  breech  block,  with 
interrupted  threads,  the  outer  circumference  or  seat  of  the  obturator 

pad  (that  is  to  say  the  part  which  fits  radially  against  the  breech 

chamber)  is  made  conical  or  ogival  in  form,  so  that  in  the  swinging  of 

the  block  in  opening  or  closing  the  breech  the  obturator  will  easily 
leave  or  enter  its  place  within  the  breech  chamber  without  requiring 

to  be  shifted  rectilinearly.  The  said  pad  preferably  consists  oi  a 

composition  of  asbestos  and  mutton  suet,  covered  with  canvas,  and  is 

made  in  the  form  of  a  ring  in  the  manner  usual  with  the  "  De  Bange" 
obturators. 
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In  such  obturators  experience  has  proved  that  during  use  the  canvas 

of  the  pad  is  liable  to  injury,  particularly  at  the  forward  circumferen- 
tial part  at  the  junction  between  the  said  canvas  and  the  edge  of  the 

disks  employed  for  protecting  the  pad.  It  is  the  chief  object  of  this 

improvement  to  overcome  this  liability  to  injury  by  providing  the  pad 

with  a  protecting  metallic  cup  or  cups  and  a  split  ring  or  rings  as 
hereinafter  explained. 

Figure  1  is  a  sectional  side  view  of  one  form  of  obturator.  Fig.  2 

is  a  transverse  section  of  the  split  ring  used  with  this  form  of  obtu- 

rator. Fig.  3  is  a  detail  face  view  of  a  portion  of  the  said  ring  (look- 
ing toward  the  left  of  Fig.  2)  and  showing  how  its  ends  overlap. 

Figs.  4,  5,  and  6  are  sections  of  modified  constructions  of  the  obturator. 

Like  letters  of  reference  indicate  similar  parts  in  all  the  figures. 

Referring  more  particularly  to  Figs.  1  to  3,  A  is  the  body  portion 
or  pad  of  the  obturator  and  B  the  canvas  covering  thereof.  The  front 

portion  of  the  pad  is  provided  with  a  protective  facing  or  cup  C  of 

copper  or  other  appropriate  material  interposed  between  the  mush- 
room head  of  the  obturator  bolt  (shown  in  dotted  lines)  and  the  for- 
ward part  of  the  pad,  said  forward  part  being  preferably  beveled  at  c 

near  its  periphery.  The  said  copper  facing  or  cup  is  also  preferably 

flanged  rearwardly  to  form  a  circular  lip  c1,  which  will  cover  a  part 
of  the  pad  that  would  otherwise  be  exposed  at  the  periphery.  This 

rearwardly  flanged  portion  may  taper  to  a  thin  or  knife  edge.  At  the 

front  beveled  part  c  of  the  periphery  of  the  copper  facing  or  cup  is 

provided  a  steel  or  other  suitable  split  ring  D  which  is  preferably  of 

triangular  cross  section  to  fit  the  correspondingly  beveled  portion  of 
the  copper  facing  or  cup  C,  but  which  is  not  connected  to  the  latter. 

The  real-  portion  of  the  pad  may  be  protected  with  a  tin  or  other  suit- 

able metal  disk  E  and  steel  ring  F  F1  in  the  usual  manner  with  "De 

Bange"  obturators,  these  rings  being  secured  in  place  by  the  dove- 
tailed portion  of  the  said  metal  disk  E,  which  fits  the  annular  dovetail 

groove  formed  by  the  inclined  inner  edges  ffl  of  the  rings. 
With  this  construction  of  obturator,  when  the  gun  is  fired  the  gase- 

ous pressure  generated  therein  causes  the  mushroom  head  of  the  obtu- 

rator holt  to  exert  great  pressure  on  the  pad,  as  is  well  understood, 

thereby  compressing  the  latter  and  causing  the  copper  facing  or  cup 
i'l  the  steel  split  ping  D  to  make  a  tight  joint  at  the  periphery  of 

the  obturator,  and  to  thus  effectually  seal  the  breech  opening  of  the 
gun.  The  action  of  the  rear  disk  is  practically  the  same  as  in  the  ordi- 

nary form  of  the  "  De  Bange"  obturator. 

The  upecial  advantage  of  tin;  copper  facing  or  cup  ('  is  that,  if  the 
obturator  doea  no!  truly  lit  the  gun.  the  compression  of  the  pad  causes 

i  h<-  said  facing  or  cup  to  take  a  permanent  "  set  "  against  the  said  seat, 
thus  permanently  compensating  for  any  Inequality  of  the  tit. 

'1  he  front  split  ring  1  >  insures  a  metallic  contact  w  ith  the  periphei  \ 



118 

of  the  obturator,  so  that  when  rapid  firing  is  effected  the  great  heat 
resulting  therefrom  is  conducted  from  the  mushroom  head  of  the  gun 
by  reason  of  the  said  metallic  contact. 

The  powder  gases  are  prevented  from  attacking  the  pad  at  the  point 
where  the  steel  ring  D  is  split  by  the  pressure  of  the  mushroom  head 
against  the  copper  facing  or  cup  C.  The  facing  or  cup  should  be 

made  of  such  thickness  as  to  prevent  injuiy  to  the  obturator  by  suc- 
cessive intermittent  pressures  occasioned  by  rapid  firing. 

Fig.  4  shows  the  pad  A  provided  with  a  copper  or  other  appropriate 

metal  protective  backing  or  cup  C l  at  its  rear  in  addition  to  the  front 
facing  or  cup  C,  and  also  with  a  rear  split  ring  D 1  in  addition  to  the 
front  split  ring  D.  In  this  case  the  rear  rings  D1  and  F1  are  not 
formed  with  the  dovetail  portions  represented  in  Fig.  1,  and  the  hold- 

ing of  the  rings  in  place  is  dependent  upon  the  obturator  bolt  and 
breechblock  retaining  the  pad  between  them. 

In  Figs.  5  and  6  the  metal  disk  E  and  the  rear  cup  C1  shown  in  the 
preceding  figures  is  dispensed  with,  but  in  other  respects  the  obturator 
is  similar  to  those  already  described,  except  that  in  Fig.  6  it  is  of 
curved  orogival  form  on  its  periphery,  the  curve  being  struck  from 

the  axis  of  the  hinge  about  which  the  breechblock  swings. 

The  rear  metallic  cup  C1  and  split  ring  D1  (tig.  ±)  may  be  used  with- 
out the  forward  cup  C  and  split  ring  D  if  desired,  and  in  some  cases 

the  rear  slit  ring  D1  without  the  rear  metallic  cup  C\  or  the  rear  split 
ring!)1  may  be  used  with  both  the  forward  metallic  cup  C  and  the 
split  ring  D,  or  either  of  them. 

KRIPP  BALL  BEARINGS  FOR  TURRETS. 

The  use  of  ball  bearings  for  turrets  has  been  found  by  Krupp  to 
give  many  advantages.  For  turrets  weighing  200  tons,  balls  of  80  to 
90  millimeters  (3.15  to  3.4  inches)  in  diameter  are  used.  For  turrets 
weighing  300  tons  the  diameter  is  increased  to  120  millimeters  (4.72 
inches). 

The  weight  carried  by  a  ball  of  80  to  90  millimeters  is  from  2,204 

to  3,396  pounds,  while  that  sustained  b}r  the  120-millimeter  balk- is 
5,512  pounds.  The  ball  track  shown  in  section  in  the  sketch  is  15.74 
feet  in  diameter  and  contains  152  balls  of  a  diameter  of  S6  millimeters. 

A  guide  rail  is  used  to  retain  the  balls  in  position. 

ELECTRO-HYDRAULIC   TRAINING  GEAR  FOR  GUN    PLATFORMS. 

This  training  apparatus  provides  for  the  use  of  electrical  driving- 
gear  adapted  to  obtain  the  extremely  slow  and  slight  movements  which 
are  obtainable  with  hydraulic  appliances  in  the  training  of  revolving 
platforms  when  the  same  are  out  of  balance  or  working  in  a  sea  way. 

The  apparatus  consists  of  the  combination  with  an  ordinary  shunt- 
wound  motor  running  at  constant  speed,  of  a  hydraulic  apparatus  so 
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arranged  that  whilst  the  electrical  motor  runs  constantly  at  a  uniform 

speed  and  in  a  continuous  direction,  the  speed  and  direction  of  move- 

ment of  the  hydraulic  apparatus,  and  consequently  that  of  the  plat- 
form, can  be  varied  at  will.  For  this  purpose  the  hydraulic  motor  is 

provided  with  a  special  valve  between  the  pump  and  motor.  The  said 

valve  is  arranged  to  control  the  passage  of  liquid  from  the  pump  to 

the  motor,  so  that  although  the  pump  is  driven  at  a  constant  speed  by 

the  electric  motor,  the  speed  of  the  hydraulic  motor  can  be  varied  as 
desired  and  the  latter  can  be  run  in  either  direction  at  will.  When 

operating  the  platform  at  full  speed  all  the  liquid  delivered  by  the 

pump  will  pass  to  the  hydraulic  apparatus,  but  if  only  half  full  speed 
is  required,  only  half  the  liquid  will  pass  to  the  pump,  and  so  on  in 

proportion.  The  remaining  portion  of  the  liquid  returns  through  a 

by-pass  orifice  to  the  pump,  the  said  orifice  being  so  formed  and 
arranged  that  the  full  pressure  required  to  operate  the  platform  will 

always  be  maintained  between  the  pump  and  the  motor.  A  tank  or 

reservoir  of  liquid  is  preferably  located  between  and  communicates 

with  the  pump  and  motor.  When  the  controlling  valve  is  in  a  central 

position  all  the  water  will  be  discharged  through  the  by -pass  and  no 
motion  can  be  communicated  to  the  platform,  but  when  the  valve  is 

moved  from  this  central  position  motion  will  be  given  to  the  apparatus 
in  a  direction  depending  upon  the  direction  in  which  the  valve  has 

been  moved  and  the  platform  will  be  trained  in  the  corresponding 

direction.  The  valve  is  arranged  to  be  operated  by  any  convenient 

means  from  the  sighting  stations  or  other  suitable  position. 
A  is  the  revolving  gun  platform.  B  is  the  electromotor.  0  is  the 

shaft  carrying  the  training  pinion  D.  E  is  the  toothed  ring  with 
which  said  pinion  gears  and  around  which  it  travels  to  revolve  the 

platform,  as  is  well  understood.  F  is  a  cranked  shaft  for  enabling 

the  said  training  pinion  to  be  revolved  by  hand  when  required. 

Referring  to  figs.  1  and  2,  G  is  the  hydraulic  pump  which  is  actuated 

by  the  electromotor  B  through  bevel  gearing  1/  Vz  and  a  shaft  b,  whereby 
<aid  pump  is  worked  at  a  uniform  speed  continuously  in  the  same  direc- 

tion. This  pump  is  connected  by  a  pipe  g  to  a  liquid  reservoir  or 

tank  II  and  is  also  connected  by  a  pipe  g1  to  the  casing  1  of  the  con- 

trolling valve  /.  which  casing  is  in  turn  connected  by  pipes  //'  and  Ir 
to  I  he  hydraulic  motor. I  and  by  a  pipe  //  to  the  said  tank.     The  valve  i 

i-  bj  suitable  mechanism  capable  of  being  worked  from  the  sighting 
stations  or  other  appropriate  place,  and  can  be  set  into  a  position  to 

permit  liquid  under  pressure  to  be  supplied  by  said  pump  through  the 

pipes  g1  //'  to  the  motor  J,  whence  said  Liquid  returns  by  pipes  A*  and  h 
to  the  tank   II:   or,  the  said  valve  can    he  scl    info  a  central    position  lo 
permit  the  liquid  from  the  pump  to  pass  hack  to  the  tank  through  the 

pipe,  A  without  operating  the  motor.  The  driving  shaft  of  the  motor 

J  is  furnished  with  a  toothed  pinion  j  gearing  with  a  toothed  wheel,/1 
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which  is  mounted  on  an  intermediate  shaft  j*  having-  a  toothed  pinion/* 
that  gears  with  a  toothed  wheel  c  on  the  shaft  C  carrying  the  training 
pinion  D.  By  opening  the  said  valve  i  to  the  full  extent,  all  the  liquid 
delivered  by  the  pump  (I  will  be  supplied  to  the  hydraulic  motor  J. 
with  the  result  that  the  shaft  C,  and  consequently  the  turntable,  will 
be  driven  at  half  full  speed.  By  adjusting  the  valve  i  so  that  it  will 
only  allow  half  the  liquid  delivered  by  the  pump  to  reach  the  motor  J, 
the  shaft  C  will  be  driven  at  half  full  speed,  this  speed  being  increased 
or  diminished  according  as  said  valve  is  opened  more  or  less.  In  other 
words,  the  quantity  of  liquid  passing  through  the  valve  from  the 
pump  G  to  the  motor  J  in  a  given  time  is  proportional  to  the  speed  of 
the  motor.  The  passage  of  the  liquid  through  the  pipe  h  is  so  arranged 
that  the  full  pressure  required  to  operate  the  platform  will  always  be 

maintained  between  the  pump  and  the  hydraulic  motor  when  the  con- 
trolling valve  is  open.  When  the  said  valve  is  adjusted  into  a  central 

position,  all  the  liquid  will  be  discharged  through  the  pipe  //  and  no 
motion  will  be  communicated  to  the  platform,  but  when  the  valve  is 

moved  from  this  central  position,  motion  will  be  imparted  to  the  plat- 
form in  a  direction  depending  upon  that  in  which  the  valve  has  been 

moved  and  at  a  speed  depending  upon  the  extent  to  which  said  valve 
is  shifted. 

The  shaft  C  has  a  worm  wheel  &  loosely  mounted  thereon,  with 

which  worm  wheel  gears  a  worm  &  connected  by  a  shaft  c*  to  bevel 
gearing  &  that  can  be  actuated  by  turning  the  cranked  shaft  F  by 
hand.  The  said  worm  wheel  &  can  be  made  to  revolve  with  its  shaft 

by  actuating  a  hand  lever  C1,  thereby  causing  a  sliding  clutch  on  the 
shaft  C  to  engage  therewith. 

The  result  desired  may  also  be  accomplished  by  using  a  tram  of 
mechanism,  substituting  for  the  hydraulic  elements  two  friction  cones 
of  different  diameters,  a  system  of  differential  gear  and  a  friction  roller 
which  controls  the  rates  of  speed  between  the  two  cones. 

ELEMENTS  OF  GUNS. 

The  following  elements  of  guns  and  mounts  are  copies,  in  each  case, 
of  tables  supplied  by  the  manufacturer  whose  name  heads  the  table: 
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ELSWICK  GUNS. 

Diameter  of  bore   inches. . 

Do   millimeters. . 

Length  of  bore   calibers. . 

Length  of  gun   do   

Weight  of  gun   tons. . 

Weight  of  projectile   pounds. . 

Weight  of  battering  charge   

Muzzle  velocity   foot-seconds. . 

Velocity  at  2,500  yards   do. . . . 

Muzzle  energy   foot-tons. . 

Penetration  at  muzzle,  wrought  iron. ..inches.. 

Rounds  per  minute  guns  should  be  capable  of. . 

13.  lozs. 

2,600 

50 

40 

53.0 43.6 
.204 .366 

3.3 

6 

14. 5  ozs. 
1.26  lbs. 

2,740 2, 390 1,017 

1,068 172 

238 

' 7.6 

1.42  lbs. 

2,540 

1,111 

1.5S  lbs. 

2.6S0 
1,173 

3. 09  lbs. 

2, 400 

1,192 

45 

46.2 
.88 
14 

3. 48  lbs. 

2, 010 
1,260 

001 

11.35 
1,500 

1,376 

13.73 

8. 25  lbs. 

2,690 

1,555 

16.05 

31 

9. 17  lbs. 

2,840 

1,677 

1,735 

16.30 

40 

45 
41.1 

46.1 

3.01 

3.38 

45 45 

9  lbs. 

13.4  lbs. 

2,690 
2,850 

1,633 1,711 
2,200 2,535 

16.4 

17.9 

51.1 
3.77 

45 

14. 91  lbs. 

3,010 

1,754 

2,830 

19.55 

40 45 
41.55 46.55 

6.52 7.3 
100 

100 

24. 7  lbs. 
27. 9  lbs. 

2, 050 2,810 

1,844 

1,950 
4,890 

5,475 

21.3 
23.2 

6,075 

25.15 

40 45 
41.75 

46. 75 
12.7 

14.3 
200 200 

4  lbs. 
64. 5  lbs. 

2,620 

2,780 

1,969 

2,088 

9,620 

10,720 
26.75 29.10 

2,147 

11,906 

31.65 

41.75 

15.35 

1, 990  j 

11,520  I 

46.75 

17.3 

250 

66  lbs. 

2,740 

2,116 

13,000 
31.15 

9.2 

10 

12 

233.7 

254 305 

50 40 45 

50 

40 45 50 40 45 

51.75 

41.85 46.85 

51.85 

41.65 

46.65 

51.65 41.7 

16.7 

19.3 

23.4 

26.4 

28.4 

30.0 
32.6 

37.5 

52.0 

58.5 
250 

380 380 380 500 500 500 850 850 

"3. 6  lbs. 

89. 1  lbs. 
100. 5  lbs. 111.71hs. 

114. 5  lbs. 
129  lbs. 143. 5  lbs. 

198  lbs. 

223  lbs. 

2,890 

2,580 2,  740 

2, 890 2,550 2,710 2,850 

2,570 2,730 

2,190 

2,055 

2,180 

2,267 

2,076 2,213 

2,308 

2, 161 

2,306 
14, 480 

17,510 

19,800 

22,000 

22,546 

25,462 

28,161 

39,000 

43,900 

33.7 

32.65 

35.7 

2 

38.0 

35.5 

39.0 

41.9 42.6 46.7 

2 

248  lbs. 

2,880 

2,405 

Guns  from  3  to  G  inches  can  be  fitted  with  cither  a  metallic  cartridge r  modified  Dc  Bange  pad.    The  high  velocities,  however,  arc  not  desirable,  except  on  rare  occasions.    They  are,  however,  obtaine  1  with  pressures  under  17  tons. 

F:.\i'lhJJ  V—  SiiMi;    KKSILTS    ,UT("  U-l.V 

K-inch  15. Mon  gun,  single-motion  mechanism,  li  rounds  in  twenty-eight  seconds  at  drill;  4  rounds  in  sixty-two  seconds  on  board  cruiser  I  Ha  two  Eumhuia  (ammunition  brought  from  magazine). 
12-inch  40-ton  B.  L.  gun,  II.  M.  S.  Majolir.  interval  between  2  rounds,  one  minute  nineteen  seconds;  II.  M.S.  Cutar,  one  minute  four  seconds. 
12-inch  B.  L. gun,  H.  M.S.  IllmMows,  0  rounds  tired  from  one  turret  in  one  minute  forty-seven  seconds. 
A  pair  of  12-inch  guns,  8  rounds  in  two  minutes  ten  seconds. 
A  pair  of  12-inch  51 -ton  guns.  5  rounds  per  gun  fired  alternately,  guns  started  empty,  live  minutes  six  seconds. 
12-inch  B.  L.  gun,  Japanese  battleship  Mtkant.  interval  between  2  rounds  of  same  gun,  thirty  seconds. 

Ormii  {China  '),  prize  tiring,  1901.     12-inch  B. !..,  U.5S  hits  per  gun  per  minute. 
Terrible  (China),  prize  firing,  mm.    0-inch  Q.  1\,  4.25  bits  per  gun  per  minute. 
Barfleur,  prize  firing,  1901.    4.7-inch  Q.  F.,  5.7  hits  per  gun  per  minute. 

1300—02.     (To  face  page  120.)  a 
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37  mm., 

30  cnl. 

37  mm.. 

42.5  eal. 

3-pdr., 

50  eal. 

6-pdr., 

42.3  eal. 

6-pdr., 

60  eal. 

Moun- 

tain; 

75  mm.; 

10.7  eal. 

Field. Naval. 

4-inch, 

45  eal. 

4-inch, 

50  eal. 

4.7-inch, 

45  eal. 

4.7-inch, 

50  eal. 

14  em., 

45  eal. 

6-inch, 

40  eal. 

6-inch, 

45  eal. 

60  eal.' 

7.5-inch, 

45  eal: 

7.5-inch, 

50  eal. 

8-ineh, 

45  eal. 

9.2-inch, 

47  eal. 

10-inch, 

45  eal. 

Light, 

3-inch, 

23.7  eal. 

Heavy, 

3-inch, 

29  eal. 

3-inch, 

45  eal. 

3-inch, 

50  eal. 

12-inch, 

40  eal. 

GUN. 

Diameter  of  bore   inches. . 1.457 
1.457 

1.86 2.244 

2.744 

2.953 3 3 3 3 4 4 4.724 
4.724 5. 612 

6 6 6 7.5 

7.5 

S 

9.2 

10 

12 

43.5 62 92.6 

95 

112.2 

31.6 71.05 87.2 
130. 6 150 

180 200 

212.6 

236.2 

248 240 

269.5 
300 

337.5 

375 360 

429. 3 

450 480 

Total  length  of  gun   do  — 
73.75 

94 

101.25 104.4 

111'..  4 
35.85 

74.3 90.63 140.1 164 184.65 206.35 

220 

243.6 257.7 

249. 7 

279. 2 309. 73 

349. 2 

386.7 372. 1 442.35 
462.  75 

496.  5 

Maximum  pressure  in  chamber   tons  per  square  inch.. 
13 14 10 

15 

15 8 15 15 17 17 

17 

17 

17 
17 

10.5 

17 

17 10 16.5 16.5 

17.0 

10.5 17 17 

oz.  grs. 
1    110 

1 

3"
 

1.
25
 

13
" 

3.
3 

15
' 

6 

lb.  oz. 

1    4 C 

lb. 

6.25 

12.5 

lb.  oz. 1    1 

12.5 

lb.  oz. 
1    14 

17.63 

lb.  oz. 

4      2 12.5 

lb.  oz. 5      3 

12.6 

lb.  oz. 
8      2 

31 

lb.  oz. 
8      2 

31 

lb.  oz. 

12    14 

45 

lb.  oz. 

12    14 

45 

lb.  oz. 

21    14 88.19 

lb.  oz. 35      5 

100 

lb.  oz. 

35      5 

100 

lb. 

40 

100 

lb.  oz. 
86      8 200 

lb.  oz. 
86      8 

200 

lb. 

94 

250 

lb.  oz. 

162      4 

380 

lb. 
208 

500 

lb. 

309 

850 

Total  weight  of  gun,  including  breech  mechanism   
c.  q.  1. 

3    2  24 
e.  q.  1. 
5    1  2li c  q- 

c.  q. 

0    2 c.  q.  1. 8    U    0 
e.  q.  1. 2    0  13 e.  q.  1. 4    0    0 c.  q.  1. 7    1  25 C.  q.  1. 14    3    0 

c.  q.  1. 
16    1  Hi 

t.  c.  q. 

1  14    1 

t.  c.  q. 

1  16    1 

t.  c.  q. 

3    3    3 

t.  c. 
3    6 

t.  c. 

5  18 
t    e 

6  15 

t.  c.  q. 

7    8    '.' 

t.  c.  q. 

7  18    3 

t.  c.  q. 

14    3    3 
t.  c. 

16    0 

t.  c.  q. 

18  16    2 

I.  c. 

28    1 
t.  c. 

31    0 

t.  c. 

50    7 

.     Muzzle  velocity   feet  per  second.. 
1,800 

2,350 
2,800 

2,300 2,500 
918 

1,700 

1,700 
2,800 3,020 

2,945 3,020 
2,925 

3,000 

2,860 2,780 
2.S60 3,000 

2,920 
3,018 2,850 

2,900 
2,850 

2,606 1    Muzzle  energy   foot-tons. . 
22.5 48 179. 4 220 260 73 250.5 

353.4 

679.5 

790 1,805 1,960 
2,670 2,810 4,990 5,360 5,670 

6,240 

11,825 
12,630 

14,080 
22,100 

28,160 

41,890 

Penetration  of  wroughl-iron  plate  at  muzzle  by  Gavre's 
formula   inches. . 

Penetration  of  steel  plate  at  muzzle  by  Gavre's  formula, 

1.9 

1.6 

300 

3.3 

2.0 

300 

o.- 

s.i
 

30 

0.2 
4.8 

28 

7 

5.4 

28 

10.2 
7.9 

20 

11.35 

8.8 

20 

15.4 

11.9 

15 

16 

12.4 
15 

16.65 
12.9 

12 

17.25 

13.4 

12 

22.1 

17.1 

10 

21.2 
16.4 

10 

22.1 

17.1 

10 

23.0 

18.3 

10 

23.9 

22.8 

8 

30.8 
29.4 

8 

31.1 24.1 

6 

37 

28.7 

4 

40.0 

31.1 

3 

43.8 

34 

14 20 20 2 

MOUNTING. 

c.  q.  1. 4     1  10 

q.  1. 

3  11 

10° 
25° 

c.  q.  1. 
3    2    5 

Noshielc 

13° 

25° 

C.  q.  1. 

9  0    4 

c.  q.  1. 10  8 

20° 

20° 

c.  q. 

12    2 
A c.  q. 

1     0 

20° 

20° 

e.  q.  1. 12    0    0 

C.  q.  1. 

c.  q.  1. 

5    3    6 
Noshield 

No  shield. 

Weight  of  equip- 

t,  c.  q. 

4  10    0 
4 

t.  c.  q. 

2    6    0 

20° 

7° 

t.  c.  q. 

6    5    0 

4 
t.  c.  q. 

3  18    0 

20° 

7° 

t.  c.  q. 

6  12    0 4 t.  c.  q. 

3  18    0 

20° 

7° 

Depending  on  typ 2  of  mounting  used. 

1    6 

2 
c.  q. 

9  2 

20° 

10° 

1  10    0 

2 

C.  q.  1. 
9  0  0 

20° 
10° 

4    4    3 
4 

t.  c.  q. 

2    6    0 

20° 

7° 

40  rds. 

t.e.q.l. 

18  2  6 

16° 

8° 

36  rds. 
t.  c.  q. 

1  16    0 

16° 

8° 

20°               26° 

15°  1           10° 

  ,   
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VICKERS,  SONS  &  MAXIM'S  GUNS  AND  MOUNTINGS. 

Diameter  of  bore   inches. 

Length  of  bore   do... 
Totnl  length  of  gun   do. . . 

Maximum  pressure  in  chamber   tons  per  square  inch. 

Weight  of  charge... 

Weight  of  projectile 
.pounds 

Total  weight  of  gun,  including  breech  mechanism   
Muzzle  velocity   feet  per  second. 

Muzzle  energy   foot-tons. 

Penetration  of  wrougut-iron  plate  at  muzzle  by  Gavre's 
form  tda   inches. 

Penetration  of  steel  plate  at  muzzle  by  Gavre's  formula, 
inches   

Rounds  per  minute   

1.457 
43.5 

Weight  Of  mounting  ( 
Thickness  of  shield. . 

-lOUNTING. 

nplete  with  shield. 

Weight  of  shield 
Angle  of  elevati< 

Angle  of  dep 

.    1  20 

2,350 2,800 179. 4 

2.244 

95 

104.4 

2.953 
31.6 

35.85 

Light,  Heavy, 

3-inch, 

23.7  cai.      29  cal. 

1,700 
250.5 

87.2 
90.03 
'  1  25 

1,700 

353.4 

No  shield. 

Weight  of  equip- 

ment with — 

130.0 

140.1 

lb.  oz. 

4      2 12.5 

1  14  1 

2,945 1,805 

15.4 

11.9 

1  16  1 

3,020 1,960 

4.724 

212.  C 

2,925 
2,670 

4.724 
236.2 

3,000 

2,810 
17.25 

13.4 

257.7 

10.5 

21    14  . 

88.19  I 

2,800 
4,990 

6  15 

2,780 

5,300 

269. 5 

279.2 

2,  %0 5,670 

7  18  3 

3,000 

6,240 

337.5 

349.2 

2, 920 
11,825 

16  0 

3,018 

12,630 

372.1 
17.0 

18  10  2 

2, 850 

14,080 
31.1 

24.1 

429.3 

442.35 

28  1 

2,900 

22, 100 

31  0 

2,850 

28,100 

40.0 

31.1 

Depending  on  type  of  mounting  used. 
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Calibre. 
(centimeters. 

  (inches   

f  calibres. 
Length   {feet   
Weight  i  if  gun   tons. 

Weight  of  projectile   pounds. 

Muzzle  velocity   foot-seconds. 

Muzzle  energy   foot-tons. 
Perforation   at   muzzle,    Gavre   formula  (forged  steel), 

J'erfoi i  ni  muzzle,  T reseller  formula   inches.. 

SCHNEIDER-CANET   QUICK-FIRE   GUNS. 

LIGHT  GUNS. 

24 20 15 12 10 75 65 S 47 

9.45 7.S7 
5.91 

4.72 

3.94 2.95 

2.57 

2.24 1.85 

40 45 40 45 

40 

45 50 

40 

45 50 45 50 00 

45 

59 60 

45 

50 60 50 60 60 

31.5 

35.4 

26.2 27.5 

19.6 

22.2 

24.6 15.7 17.7 

19.7 14. 8 

16.4 19.7 11.04 12.3 

14.8 

9.59 

10.65 

12.8 
9.43 

11.2 9.24 

21.45 22.73 11.61 13.18 4.7 5.6 6.2 2.4 

2.75 

3 1.7 

1.8 

2.2 O.S 0.9 1.1 0.5 

0.54 
0.68 

0.45 
0.59 

0.26 331 

331 

198 198 88.2 

88.2 

88.2 

46.3 46.3 
46.3 

28.6 28.6 

28.6 

13.2 

13.2 
13.2 

8.83 

8.83 
8.83 

5.96 

5.96 3.3 

2,787 2,868 
2,  787 2,868 

2,622 

2,721 
2,819 2,573 

2,670 2,754 
2, 573 

2,088 

2,885 2,452 

2,590 2,819 

2,452 

2,590 
2,819 2.590 

2,787 

2,787 

17.74S 18,781 
10,649 

10,691 4,195 

4,517 

4,839 2,123 
2,291 

•2,430 

1.316 1,436 

1,646 

555 613 

726 

367 

409 

487 

278 

319 

177, 

27.4 
28.6 

22.8 
23.8 15.5 

16.4 

17.3 11.9 12.6 13.2 

10.2 

10.9 

12.1 

7.25 7.9 9 

6.3 

6.8 
7.8 5.8 

6.55 

5.1 

32.8 
34.2 

28.0 29.4 

19.7 

20.8 

22.0 
15.7 

16.4 

17.1 

13.5 14.3 

15.9 

9.7 10.5 11.8 

8... 

9.0 10.3 

8.1 

9.1 7.4 

POWERFUL  GUNS. 

Calibre   
(centimetres.. 30.5 25.4 24 

20. 22 

20 15 

10 

6.5 

4.7 

[inches   
12 10 

9.45 

8 7.87 6.91 

3.94 

2.57 1.85 

Length   

(calibres.. 

45 45 45 

45 45 

50 

50 50 60 

(feet   

45 37.5 35.4 30 

29.5 

24.6 

16.4 

10. 65 

9.24 

Weight  of  guns     tons.. 

62.9 

37.9 

30.7 
19.48 18.3 

8.12 

2.4 
0.7 

0.58 

Weight  of  projectile 

J         706. 4 (             883 

408 

518 

331 

430 

219 

251.6 

198 

251.6 

88.2 
111 

1           2J-. 6 
S.S3 

3.3 

JIuzzle  velocity     foot-seconds.. 

J         3, 246 
1         2, 950 3,246 

2,950 
3,246 
2,950 

3,  213 

2.  935 

3,213 2,918 
3,181 

2,852 
|         3, 050 

2,950 
3,607 M  uzzle  energy     foot- tons.. 

j        .'4,630 
1        53,500 

29,850 

31,400 

24,203 

26,000 

15,021 

15,021 

14,199 14,900 

6,196 
6,196 

}         1,839 

536 300 

Perforation  at  muzzle Gavre  (forged  steel)   inches.. 

J           47.3 1           48. 5 

38.2 

39.4 

34.8 

36.7 

|          229.2 

J            28.4 
1           29.4 

20.8 

21.0 

[           13. 2 

8.3 

7.6 

Perforation  at  muzzle Trcssidder   do   
(           53.6 

1           52.0 

44.5 
44.0 

41.4 
41.0 

36.0 

33.5 

34.7 

33.5 

26.5 
24.0 

!           17.4 10.7 
10.7 
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KRUPP  QUICK-FIRING  GUNS,  MARK  1900. 
LIGHT  GUNS. 

Calibre   [centimetres. 

[inches   

Total  length  of  gun   
jcflls' 

(feet. Length  of  bore   inches. 

Weight  of  gun   [pounds. 

(tons   

Weight  of  steel  projectile   pounds. 

Weight  of  charge   pounds. 

Muzzle  velocity   foot-seconds. 

Muzzle  energy   total  foot-tons. 

Perforation  through  steel   inches. 

Perforation  through  iron,  Tresiddcr's  formula... 

40 

9.84 

108. GG 

1,485.9 0.  69 

I  u-s 

1    14.6 

2. '24 I  2,385 

i  2,110 

-152.  7 

5.97 

2.95 45 

11.07 

123.43 

1,700.9 0.79 

11.5 

14.  (1 2.02 

526.0 

0.69 

12. 30 

138.19 

,935.7 
0.89 

11.6 

14.6 

3.07 

2,726 
2,418 

13.78 

153. 65 

3,748 

39. 68 

8.21 

2.  326 

1,491 

15.6 

174. 21 

4,189 

9.53 

2,815 

2,484 

1,697 10.75 14.5 

50 

17.22 194.89 

4,740 
2.18 

10.87 

2,992 
2,638 

1,917 
11.73 
16.0 

4.72 

40 45 

15.75 17.7 

176.20 
199.25 

5,612 6,283 
2.54 

2.90 

46.30 
46.30 

59.62 59.52 

12.23 14.23 

2,674 2,867 

2,359 2,626 

2,298 2,636 
11.58 12.8 

15.6 

17.2 

50 

19.69 222.45 

7,055 

3.25 
46.30 

69.52 
16.25 

3,048 2,687 

2,982 13.94 

18.8 

5.91 

40 

45 

19.55 

22.0 

218.12 

247.49 

10,582 12,015 4.88 

5.54 

90.39 90.39 

112.4 

112.4 23.54 
27.34 

2,651 2,841 

2,379 2,546 

4,408 6,060 

14.65 16.14 

19.3 21.2 

276.  78 

13,658 

6.25 
90.39 

112.4 

31.19 

3.018 

2,707 

5,721 

8.27 

40 45 

27.56 

30.9 

305. 91 347.29 

29,320 
33,290 13.51 
15.34 

249.1 
249.1 

308.6 308.6 

64.9 75.62 

2,657 2,848 
2,385 2,559 12,198 14,005 

21.00 

23.23 

27.1 

30.1 

37,254 

17.17 
249. 1 

40 

31.50 
350.80 

44,090 
20.32 

374.8 
474.0 97.68 

2,657 

2,365 
18, 362 
24.33 

31.2 

50,264 

23.16 

374.8 

474.0 

US.  98 

445.28 

56, 443 

26.01 

374.8 474.0 

130.07 

3,031 2,697 
23,880 29.37 

11.02 

40 45 

30.75 

41.3 

409.46 
464.62 

70, 104 

79,811 
32.31 

36. 78 

595.2 
595. 2 

760.6 
760.6 

155.10 
181.00 

2,661 

2,851 

2,352 

2,523 

29,204 

33,561 

28.74 

31.73 

36.0 

40.0 

45.93 

519.70 

89, 503 

3,031 2.6S0 
34. 05 
43.8 

40.03 
445. 67 

90,610 
41.76 

771.6 

9S1.0 200. 86 

2,654 

2,356 37, 756 30.6 

39.1 

30.5 12.01 

45 

45.0 

505. 95 

10,317 
47.55 

771.6 

981.0 233. 91 

2,818 

2,526 43,403 31.76 

43.5 

50 
50.03 

505.76 

115,742 
53. 34 

771.6 
981.0 

266.93 

3,028 

2,684 

49,050 

37.99 
46.4 

HEAVY  GUNS. 

Calibre   [centimetres., 

[inches   

Total  length  of  gun   
!c'als' 

|  feet. Length  of  bore    inches. 

Weight  of  gun   [pounds. 

(tons   

Weight  of  steel  projectile   pounds. 

Weight  of  charge   pounds. 

Muzzle  velocity   foot-seconds. 

Muzzle  energy   total  foot-tons. 

Perforation  through  steel   inches. 

Perforation  through  iron,  Tresiddcr's  formula... 

9.84 

108.66 

1.S60.7 
0. 85 

11.5 

14.6 

2.43 

2,484 

2,205 490.5 

2.95 

45 

11.07 

123.43 

!,094.4 

0  96 
11.5 

14.6 
2.78 

2,661 

562.8 
7.01 

10.5 

12 

4.13 4.72 

50 40 45 50 40 45 50 40 
12.30 

13.78 15.5 

17.22 

15.75 17.7 19.69 
19.55 

138.19 153.55 
174.21 194.89 176.20 199.25 

222.45 218.12 

2,325.8 4,519.2 5,115.1 
5,688 

6,724.2 7,606.2 8,488 

12,897 1.07 
2.08 

2.36 2.62 3.10 3.51 3.91 

5.94 11.5 
30.86 30.86 

30.86 

46.30 

46.30 46.30 90.39 

14.6 39.68 
39.68 

39.68 59.62 
59.52 59.52 

112.4 

3.15 8.71 
10.12 

11.53 

13.01 

15.10 
17.22 

24.91 

2, 822 
2,723 2,910 3.094 

2,763 

2,976 3,159 
2,743 2,507 2,402 2,566 2,730 

2,438 2,626 2,785 
2,457 

633.8 

1,588 
1,814 

2,049 

2,452 

2,840 3,204 4,711 
7.64 10.28 

11.26 12.32 
12.13 13.50 14.69 15.36 

10.6 13.9 15.4 16.8 

16.3 

18.1 19.8 
20.1 

45 50 

22.0  24.46 

247.49  276.78 

14,661  !  16,314 

6.76  i  7.52 

90.39 

112.4 

28.88 

2,949  j 

2,644 

5,450 

17.01  j 

22.3  : 

ill).  39 

112.4 
33.04 

3,133 

2,808 

6,151 
18.54 

24.5 

21 

24 

28 

30.5 

8.27 

9.45 

11.02 
12. 01 

40 

45 

50 

40 

45 50 40 45 50 40 

45 

27.56 

30.9 34.45 
31.50 

35.4 

39.37 
30.75 

41.3 45.93 

40.03 45.0 

305.91 
347.29 388.59 350.80 

39.V2S 

445.28 409.46 
464.62 519.70 

445. 07 505.95 

35,711 

40,341 
44;  972 

53,792 

60,843 

67,904 
85,544 

96,784 

108,030 

110,671 

125,003 

16.46 
18.59 20.73 

24.79 

2X.04 

31.29 39.42 44.60 49.79 
51.00 

67.61 

249. 1 
249.1 249. 1 374.8 

374.3 
374.  S 595.2 595.2 

595.2 

771.6 
771.6 

308.6 308.6 308.6 474.0 
474.0 474.0 

760.6 

760.6 

760.6 

981.0 

981.0 

68.78 

80.03 

91.49 

103.84 

12U.59 

137. 79 165.12 191.80 

218.70 213.40 247.58 

2,749 
2,953 

3,140 
2,746 

2,956 

3,143 
2,749 

2, 959 

3,140 

2, 746 
2,953 

2,467 2,654 

2,822 

2,441 

2.628 

2,795 

2,431 

2, 618 

2,776 
2,434 

2,618 
13,037 15,070 

17,039 
19,588 

22,702 
25,655 

31,205 
36. 142 

40, 725 40,338 

46,695 
22.13 

24.49 26. 73 

25.47 

2.1. 31 

30.87 

30.12 

33.47 

36.42 

32.4 

36.65 

28.5 

31.8 
34.6 32.7 

36.3 

39.8 

37.6 

42.2 46.5 41.0 

45.8 

s. — Every  one  of  the  guns  included  in  the  tables  has  been  actually  constructed  and  can  be  supplied  on  order. 

60 

50.03 

565.76 
139,772 

64.42 771.6 

981.0 
282.85 

3,140 

2,785 

52, 729 
40.08 

50.1 
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Caliber   (centimeters.. 

(inches   

Total  length  of  g.m   [calibers.. 

jfeet   
Length  of  bore   inches.. 

(pounds. 
(tons   

Weight  of  gun   

Weight  of  steel  projectile   pounds 

Weight  of  charge   do.. 

Muzzle  velocity .foot-seconds 

Muzzle  energy   total  foot-tons. 

Perforation,  steel   inches. 

Perforation,  iron, Tresidder's  formula   do... 

2.95 

40 

45 

9.84 
11.07 

108.66 123. 43 

1,488 
1,711 

0.6S 0.79 

|  11.5 

11.6 

1  14.6 14.6 2.77 

3.12 
1  2,090 2.S90 

1  2.3SS 
2,566 

576 

61)5 
7.13 

7.91 
9.9 

11.0 

0.89 

11.5 

14.  C 

3.54 

3,068 2,723 
749 

S.58 

11.7 

KEUPP  QUICK-FIRING  GUNS,  MARK  1901. 

LIGHT  GUNS. 

16.0 

5.91 

50  40  45  50  40 

19.69  19.55  22.00  24.44  27.56 

222.45  218.12  247.49  276.78  305.91 

7,055  10,582  12,015  13,558  29,321 

3.26  4.88  5.54  6.25  13.51 

46.30  90.39  90.39  90.39  249.1 

59.52  112.4  112.4  112.4  308.6 

18.43  26.67  30.95  35.40  74.07 

3,291  2,877  3,068  3,264  2,884 

2,904  2,579  2,753  2,927  2,592 

3,475  5,183  5,905  6,680  14,360 

15.59  16.46  18.03  19.69  23.66 

21.0  21.8  23.9  26.2  30.7 

10.5 
12.0 

4.13 

4.72 

40 45 50 40 45 

13. 7S 

15.5 
17.22 15.75 17.7 

153. 55 174.21 194.89 175.20 
199.25 ;).  748 

4,189 4,740 5,512 
6,283 

1.73 1.93 2.18 

■J.  54 

2.90 

30.86 30.86 

30.86 
46.30 

46.30 

39.08 
39.08 

39.68 
59.52 59.52 9.30 10.83 12.34 

13.93 16.11 
2,  835 

3,035 

3,232 
2,900 

3,097 

2,500 
2,674 2,851 

2,559 
2,730 

1.720 

1,908 2,236 
2,701 

3,079 

10.87 11.97 13.15 
12. 99 14.25 

14.7 16.3 

18.0 

17.6 

19.4 

45 

30.9 

347. 29 

33,290 

15.34 

249.1 

16.301 

26.02 

34.45 

388.59 

37,254 

17.17 
249.1 

308.6 

97.97 

3,271 
2,940 18,491 
28.35 

37.0 

40 

31.50 

350. 80 

44,090 
20. 32 374.8 

474.0 
111.23 

2,884 

2,562 21,589 27.32 

24.0 

9.46 

45 

35.4 

398.28 50.264 

23.16 

374.8 
474.0 

128:97 

3,081 
2,736 

24,622 30.0 

50 

39.37 445. 28 

56,443 26.01 

374.8 

474.0 

147.27 

3.20S 

2,907 
27,817 

32.68 

40 

36.75 409. 40 

70,104 32.31 

595.2 760.6 

176.59 

2,887 

2,552 34,367 
32.28 

40.7 

28.0 

11.02 

41.3 

464.62 

760.6 

205. 25 

3,081 2,723 39,143 35.43 

35.6 

45.93 

519. 70 

89, 503 
41.25 

595.2 
760.0 

234. 57 

3,271 

2,894 
44,212 

12.01 

40 45 

40.03 

45.0 

445.67 

505.95 

90, 610 

103,174 

41.76 47.55 

771.6 
771.0 

981.0 

981.0 

228.01 
264.99 

2,881 

3,074 

2,552 
2,726 44, 371 

70, 349 
35.36 

3S.82 

44.2 
48.6 

115,742 

53. 34 

981.0 

303. 13 

57,182 

42. 36 

53.3 HEAVY  Gl'NS. 

2.95 
10.5 4.13 

12.0 

4.72 

15.0 

5.91 

21.0 

8.27 

24.0 

9.45 

28. 0 

11.02 

30.5 
linehes   

12.01 

Total  length  of  gun   
(calibers.. 40 45 

50 

40 45 

50 40 

45 

50 40 45 50 40 45 

50 

40 45 50 

40 45 

50 40 45 50 

[feet   
9.84 

11.07 12.30 13.78 15.5 

17.22 

15. 76 
17.7 19.6 

19.65 

22.00 

24.44 27.56 
30.9 34.45 

31. 50 

35.4 
39.37 

36.75 

41.3 
45. 93 40.03 

45.0 
50.03 

Length  of  bore     inches.. 108. fiG 123.43 138.19 153.55 174.21 
194.89 

175.20 
199.25 

222.45 

218.12 

247. 49 276. 78 305.91 347.29 388.59 350.80 

39S. 28 
445. 28 

409.46 
464. 62 

519.70 
445.07 

505.95 

565.76 
[pounds., (tons   

1,861 0.85 
2,094 0.90 2, 326 1.07 4,519 2.08 

5, 115 

2.35 5,688 2.62 5,842 

2.70 

0,724 
3.10 

7, 606_ 

3.51 
11,244 

5.18 
12.897 

5.94 

14, 661 6.76 

31,080 

14.32 
35,711 16.46 40,341 18.59 46.741 21.54 

53,792 

24.79 
60, 843 28.04 74,514 

34.34 
85,544 

39.42 

96,784 

44.60 

96,343 44.40 
110, 671 

51. 0 
125,003 

57.61 

Weight,  of  steel  projectile..   pounds. . 

)  14.6 

11.5 

14. 6 

11.5 14.0 

30.86 

39.68 

30.86 

39.68 

30.86 

39.68 

46.30 

59.52 

46.30 

59.52 

v46: 30 

59.52 

90.39 

112.4 

90.39 

112.4 

90.39 

112.4 

249. 1 

308.0 

249.1 

308.0 

249. 1 

308.6 

374.8 
474.0 374.8 

474.0 374.  S 

474.0 595.2 

760.0 

595. 2 

760. 6 
595.2 
760.0 

771.6 

981.0 

771.6 

981.0 

771.6 

981.0 

Weight  of  charge     do.... 2.99 3.35 
3.70 

10.16 11.63 13.18 15. 10 17.80 
20.30 

28. 88 31.17 

39.02 

80.03 

94.71 108.10 120. 60 
142.41 162.48 

191.80 226.41 

258.00 

248.02 292.77 334.0 

Muzzle  velocity     foot-seconds. . 
1  2,876 

|  2,6(14 

2,999 
2,775 

3,123 
2,885 2,949 

2,602 

3,150 

2, 779 
3,337 
2,946 

2,933 

2,588 
3, 140 2,776 3,353 2, 959 2, 910 

2,608 

3,120 2,799 

3,320 

2,979 

2,917 

2,621 3,130 
2,812 

3,330 

2,992 

2,917 

2,595 

3,130 

2, 782 

3,330 
2,963 2,920 

2,582 

3,133 

2,769 

3,330 2,949 2,917 

2.5S5 3,127 2,  772 

3,330 
2,953 

Muzzle  energy     total  font-tons.. 

620 

703 795 

1,862 2,123 
2,391 2,762 3,182 3,611 

5,308 

6,109 

6,922 

14,683 
16, 926 19, 168 

22, 121 

25, 461 

28,849 

35,174 

40,499 

45. 8S8 

45, 501 

52.277 

59,280 Perforation,  steel     inches.. 7.52 8.23 8.98 11.50 12.68 
13.74 13.23 

14.61 
16. 02 

16.73 

18.47 
20.16 

24.06 26. 61 29.06 

27.80 

30.71 

33.58 

32  84 
36.34 

39. 65 
35.98 

39.76 

J3. 51 

Perforation,  iron.Tresiddei s  formula   do   
10.5 

11.3 
12.0 15.0 17.4 19.0 17.8 19.8 21.6 

22.0 
23.8 

20.8 

31.3 

34.4 3S.0 
34.8 

38.8 

43.4 41.6 
45.1 

50.2 

45.2 48.8 

54.2 j  of  the  guns  included  in  the  tables  has  been  actually  constructed  and  can  be  supplied  on  order. 
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BETHLKHEM  STEEL  COMPANY. 

ORDNANCE. 

1-pounder  . 
3-pounder  . 
6-pounder . 

eh  Q.  F  . 

4.7-inch  Q.  F   

5-inch  Q.  F.,No.  I" 
5-inch  Q.  F.,  No.  2. 

6-inehQ.  F..No.  3* 
6-inch  Q.  F.,No.  1') 
6-inch  Q.  F.  No.  2. 
C-inehQ.  F.,Xo.  3. 
8-inch  Q.  F.,  No.  1. 

8-inch,  No.  -"   
10-inch.  No.  1 «... . 

10-inch,  No.  2   
10-inch  shell  gun  . . 
12-ineh<i   

12-inch  mortar"  c. 

18-inch  shell  gun  . . 

1.457 
1. 851 

2.244 

Caliber  ii 

centi- 
meters. 

12.7 
15.24 
15.24 

15.24 
20.32 
20. 32 
25.4 

25.4 

25. 4 
30.48 

30.48 
45.72 

Call. 
40. 4 

48.5 

45.1 

1,900 

Tom. 

Charge  of 
smokeless 

powder. 

:  a  Debange  pad. Guns  from  3  inches  to  6  inches  fitted  with  either  a  metallic  cartridge  c 

"U.  S.  army  type. 
1>U.  S.  nayy  type. 
■  These  mortars  have  been  found  very  accurate  at  ranges  up  to  10.000  yards  when  fired  at  obscured  t 
d75  per  cent  cellulose,  25  per  cent  nitroglycerine. 

<■  This  velocity  is  reached,  allowing  the  usual  factor  of  safety  for  the  gun.    With  an  1,830-pound  ex 
second  was  reached  with  8.2  tons  pressure. 

2,300 2,400 

2,900 2,800 

2,200 

2,000 

2,900 
2,200 

2,500 
2,900 
2,500 2,3 

2,500 
2,200 

1,325 

[■2,250 

Perforation 
at  muzzle  of 
U.  S.  standard 

face-hard- 
ened armor 

by  capped 

A.  P.  pro- 
jectiles. 

1,510 

2,577 5,207 

10,833 

10,528 21,086 

21,665 

13,420 
36,671 

9,736 

70,185 

13.2 
17.2 

17.5 

i  representing  a  ship's  deck. 

e  shell  (500  pounds  of  wet  gun  cotton),  a  velocity  of  1,! 
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Section  II. 

ARMOR. 

With  one  or  two  exceptions,  the  trials  of  the  year  have  been  accept- 
ance trials  of  plates,  throughout  which  the  Krupp  process  retained 

its  established  position.  The  Krupp  cemented  process,  best  for  plates 
from  0  to  9  inches,  has  not  been  satisfactorily  extended  to  plates 

thicker  than  9  inches  or  thinner  than  6  inches.  The  Krupp  non- 
cemented  process  plates  (K.  N.  C.  plates)  appear  to  lack  uniformity, 
one  portion  of  the  plate  possessing  characteristics  quite  different  from 

another  portion.  British  projectiles  are  tested  against  K.  N.  C. 
plates.     The  results  are  seldom  published. 

Plates  for  the  British  armored  cruisers  Drake  and  Essex  were  found 

to  vary  considerabty  in  homogeneity.  In  some  places  a  drill  or  a 

chisel  would  not  touch  them,  in  others,  the  drill  produced  a  fine  pow- 
der, while  other  portions  were  cut  with  ease. 

The  resistance  of  the  K.  C.  plate  is  reported  as  being  about  20  per 

cent  higher  than  that  of  K.  1SL  C.  plates. 

Krupp\s  processes  are  still  considered  as  standard,  and  have  recently 

been  applied,  in  one  form,  to  the  production  of  curved  armor  possess- 
ing qualities  equal  to  those  of  the  K.  C.  plate. 

A  German  chemist,  Giebler  by  name,  is  reported  to  have  discovered 

a  process  for  hardening  armor  which,  while  increasing  its  resistance  two 

or  three  times  as  compared  with  the  best  armor  of  present  makers,  is 

stated  to  reduce  the  cost  of  manufacture  by  two-thirds  of  the  present 
outlay. 

Experiments  under  this  process  were  carried  out  with  plates  of 
only  7.5  millimeters  thickness.  No  definite  details  of  its  further 

development  have  been  published. 

In  the  matter  of  trials,  two  have  been  of  particular  interest,  one  to 

test  (lie  Johnson  cap,  dining  which  trial  a  6-inch  shot  was  tired  through 

12-inch  K.  ( '.  plate,  and  tin;  other  tests  of  6-inch  plates  hardened  by 
the  Beardmore  process.     The  results  of  these  tests  are  given  in  pages 
following. 

ii  Ms  <»K  MUCH  ami  7. 6-INCH   8CN8  AGAINST  MITCH   ami  IMNCH  CEMENTED  (KBfJPP) 
STEEL  ABHOH  PLATES. 

The  plat  mown  on  the  engravings,  are  »J  inches  and   1 1 J  j 

inches  practically  li'  indie-  In  thickness,  and  were  manufactured 
to  Admiralty  specifications.  The  firsl  of  the  trials  took  place  on 

May  i>.  L902,  when  the  controller  of  the  navj  and  other  naval  official* 
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were  present.  The  remainder  of  the  shots  were  fired  on  the  23d, 
when  practically  the  whole  Board  of  Admiralty  was  present. 

The  attack  on  the  9th  was  against  the  12-inch  plate.  The  results 
are  set  out  in  Table  1.  The  first  round  from  the  6-inch  gun,  with  a 
capped  projectile  at  the  high  striking  velocity  of  2,799  foot-seconds, 
completely  perforated  the  plate,  although  the  projectile  was  broken 
up.  The  second  shot,  without  cap,  penetrated  3f  inches,  and  the 

third,  an  explosive  shell  from  the  7.5-inch  gun,  was  buried  deep  in 
the  plate,  as  shown.  A  probe  could  be  inserted  round  the  edge  to  a 
depth  of  7  inches.  On  the  23d  two  further  shots  were  fired  at  this 

plate,  both  from  the  6-inch  gun,  as  recorded  in  Table  II,  the  one  with 
a  cap  going  through  the  plate,  and  remained  in  the  backing;  but  the 
rif tli  shot,  without  a  cap,  was  broken  up,  and  measurement  showed 
that  it  had  only  penetrated  to  a  depth  of  3  inches. 

The  attack  on  the  6-inch  plate  on  May  23  consisted  of  three  rounds, 
the  first  and  third  from  a  6-inch  gun,  and  the  second  from  the  7. 5-inch 
weapon.  Both  guns  using  capped  projectiles  completely  defeated  the 

plate,  the  7.5-inch  explosive  shell  passing  through  it.  The  greater 

part  (92  pounds)  wTas  discovered  bedded  in  a  sand  heap  beyond  the 
target,  but  the  6-inch  shot  without  a  cap  made  no  impression  on  the 

plate. 

Table  I  {see  fig.  I). — Firxi,  second,  and  third  rounds  against  ll^f-incA  plate. 

Date:  May  9,  1902.  Firing  at  Eskmeals  range  for  trial  of  7.5-inch  and  6-inch  Vickers  armor- 
piercing  projectiles  fitted  with  Johnson  cap  against  a  12-inch  Vickers  K.  C.  plate.  No.  4865.  ord- 

nance No.:  1037a,  6-inch  B.  L.,  Mark  B.,  and  No.  1017a,  7.5-inch  B.  L..  50  calibers.  Mountings: 
Naval  pedestal. 

Round. 

Charge. 

Projectile  and  fust-. 

Mean 
muzzle 
velocity. 

Temperature  of  charter Thermometer{Wetlmll)  !7,F 

Barometer   30.25  inches. 

Nature. Weight. 

Striking 
velocity. 

Striking energy. Ramming. 

1   

2   

R.  R.  384,  nitro- 
cellulose. 

  do   

l'<>  mute. 

34 

:w 

43 

Vickers  6-in.  A.  P.  shot, 
fitted  with  Johnson 

cap,  105  lbs. 
Vickers  6-in.  A.  P.  shot, 

without  cap,  100  lbs. 

Vickers  7.5-in.  A.  P. 

shell,  fitted  with 

Johnson  cap,  205  lbs. 

Foot-see. 

2,856 

2,880 

2,480 

Foot 

2.  7'.'-.' 

2,  124 

Fnnt-tons. 

5, 7(>:> 5,513 

Inches. 
41.65 

41.55 

3   Cordite  §g   

66.  75 

Round  1.— Completelv  perforated  plate.  Projectile  was  broken  up.  Penetration  measured  18 
inches  to  base  of  shot;  after  removing  its  fragments  the  penetration  measured  231  inches.  Extent  ol 

injury  bv  scaling,  is..")  inches  H.  by  20.5  inches  V.  No  cracks.  Diameter  of  hole  0  inches.  This  shot struck  exactly  in  front  of  a  horizontal  H  girder,  and  bulged  it  hack  1J  inches:  otherwise  it  would 
have  gone  completely  through. 
Round  2.— Projectile  completelv  broken  up.  Penetration  about  3|  inches:  hut  point  Ol  shot 

remained  fused  in  plate.  Extent  of  injury  by  scaling,  18J  inches  H.  by  19  inches  V.  No  cracks. 

Diameter  of  portion  of  shot  in  hole  equals  8  inches.  There  was  no  trace  ol  bulge  at  back,  or  any  dis- placement of  backing.  ,  . 

Round  3.— Projectile  broken  up,  but  all  the  point  portion,  including  2  inches  ot  core,  remained  in 

up  ana  part 
injury,  23.5  inches  H.  by  21.5  inches  V 
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Table  II  (see  Jigs.  2  and  3). — Fourth  and  fifth  rounds  against  11  \%-ineh  plate. 

Date:  May  23.  1902.  Firing  at  Eskmeals  range  for  trial  of  Vickers  6-inch  armor-piercing  shot  fitted 
with  Johnson  cap  against  a  Vickers  12-inch  K.  C.  plate,  No.  4865.  Ordnance:  No.  1037a,  6-inch.  Mark 
B.     Mounting:  Naval  pedestal. 

Round. 

Charge. 

Projectile  and  fuze. 
Mean 
muzzle velocity. 

Temperature  of  charge,  80°  F. 

Themometer/Dr-v  bulb-  55°  F- 

l  nemometerl Wet  bulb  MO  F 

Barometer,  30.3  inches. 

Nature. Weight. 

Striking 

velocity. 

Striking 
energy. Ramming. 

5   

R.R.384.  Nitro- 
cellulose. 

  do   

Pounds. 

34 

3* 

6-in.  Vickers  A.  P.  shot 

fitted  with  Johnson 

cap.  Weight,  105.51b. 
6-in.  standard  A.  P. 

shot  without  cap. 

Weight,  100  lb. 

Foot-sec. 

2, 841 

2, 887 

Foot-sec. 

2,786 

2,827 

Foot-tons. 

5,676 

5,542 

Inches. 

41.75 

41.7 

Three  rounds  had  previously  been  fired  at  this  plate  on  May  9,  1902. 
Round  k.— Shot  completely  perforated  plate,  but  did  not  get  through  the  wood  backing  or  skin 

plate.  The  shot  remained  in  backing,  the  rear  of  base  being  9  inches  from  surface  of  plate;  a  feeler 
could  be  inserted  along  the  outside  of  shot  to  a  distance  of  16  inches  from  surface  of  plate.  The 
extent  of  injury  by  scalding  was  20  inches  H.  by  22£  inches  V. 

Round  5.— Shot  completely  broken  up.  Penetration  3  inches.  Point  of  shot  remained  fuzed  in 
plate.    A  large  piece  of  shot  rebounded  and  was  found  20  feet  in  front  of  plate. 

Table  III  (see  figs.  4,  5,  and  6). — Truth  against  the  6-inch  plate. 

Date:  May  23,  1902,  Firing  at  Eskmeals  range  for  trial  of  Vickers  6-inch  armor-piercing  shot  and 
7.6-inch  armor-piercing  shell,  both  fitted  with  Johnson  caps,  against  a  Vickers  K.  C.  plate,  No.  4126, 
8  feet  by  <;  feet  by  6  inches.  Ordnance:  No.  1037a,  6-inch,  Mark  B,  and  No.  1017a,  7.5-inch,  50  calibers. 
Mounting:  Naval  pedestal. 

Round. 

Charge. 

Projectile  and  fuze. 
Mean 
muzzle 
velocity. 

Temperature  of  charge,  80°  F. 

Thermometer  'Dry  bulb-  5
5°F- 

i  nermometer  |Wet  bulD>54oF. 

Barometer,  30.3  inches. 

Nature. Weight. 

Striking 

velocity. 

Striking 
energy. Ramming. 

Pounds. Foot-sec. Foot-sec. 
Foot-tons. Inches. 

1 
Cordite20,  lot  119. 

17 12.5 6-in,  A.  P.shot  (Vick- 
2,034 

1,995 2, 766 

41.25 

ers),   without   cap. 
Weight,  100  lb. 

2   
Cordite^,  lot  in. 85.3125 7.5  in.  A.  1'.  shell,  fit- 

2,221 2,186 6,795 

(id.  75 

ted     with    Johnson 

3   lite20,  lot  119. 17 
12.94 

cap.    Weight,2Q51b. 

6-in.  a.  P.shoi  (Vick- 
2,007 1,971 

2,829 

U.81 

ers),      litted      witli 

J  o  h  n  s  0  n    i"i  p  . 

Weight,  105  lb. 

Hound  I.— Projectile  broke  up,  point  remaining  fuzed  in  plate.    Extent  of  Injury  by  Bcalli 
Inches  H.  by  22  inches  V.    There  were  no  cracks.    There  were  siLMi-  of  a  bulge  at  the  Lack. 
Hound 2. — Complete  perforation  took  place;  no  piece-  of  shell,  except  the  baBe  plug,  were  found, 

The  Hize  of  hole  was  8.75  inches  by  «."»  inch  nt  of  Healing,  14.8  Inches,  II.  by  14.5  Inches  \ 
'I  Ik-  [joint  of  -hcii  of  this  round,  weighing 92  pound--,  was  subsequcntl)  recovered,  having  penetrated 20  feel  Into  *and  al  rear  of  target. 
Hound .;     Complete  perforation  look  place     Projectile  broke  up.  pieces  being  found  in  rear 

"I  boh  Kxtenl  of  Injury  by  scaling  was  13  inch.-  n   bj  1 1  inches  V. 
■  ■I  fi\'-  rounds  was  then  fired  from  the  7.5-inch  gun  al  a  target  1,000  yards  off    Starting 

with  the  gun  loaded,  the  tlrai  jer  for  fifth  round  was  thirty-one  second*      \n  the 
round-  ha  within  a  -pace  about  <-  feet  11   hv  6  feet  v. 
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TESTS  OF  BEARDMORE  ARMOR  PLATES. 

Messrs.  William  Beardmore  &  Co.,  Glasgow,  half  of  whose  shares 

have  been  purchased  by  Messrs.  Vickers,  Sons  &  Maxim,  Limited, 
have  perfected  a  process  for  hardening  armor  plate  which  has  given 
splendid  results  in  recent  tests.  The  engravings  reproduced  are  from 

photographs  taken  of  the  front  and  back  of  6-inch  plates,  the  one 
tested  in  the  early  days  of  the  process,  and  the  other  a  few  months 
ago,  specially  to  determine  the  limits  of  resistance. 

The  earlier  plate,  shown  by  figs.  1  and  2,  was  attacked  by  a  6-inch 
breech-loading  gun  firing  Holtzer  projectiles  with  a  charge  of  48 
pounds  of  E  X  E  powder,  the  pressure  varying  between  15.2  and  15.5 
tons.  The  backing  was  4  feet  10  inches  at  top  and  bottom  and  5  feet 
10  inches  in  the  center,  and  was  secured  by  8  bolts.  It  will  be  seen 
from  the  tabulated  results  that  the  crack  showing  on  fig.  1,  from 
the  bottom  to  the  indent  made  by  the  first  shot,  was  the  result  of  the 
second  round,  and  that  the  third  round  caused  a  crack  from  the  point 
where  the  first  shot  struck  to  the  right  edge  of  the  plate,  the  same 
cracks  being  developed  in  the  succeeding  rounds;  but  otherwise  the 
plate  stood  well,  all  of  the  projectiles  being  broken  up. 

The  plate  tried  quite  recently — 8  feet  6  inches  by  6  feet  6  inches — 

gave  splendid  results.  It  was  made  according  to  Beardmore's  latest 
process,  was  6  inches  thick,  and  was  attacked  by  a  Vickers  6-inch  gun, 
with  increasing  charges,  the  idea  being  to  ascertain  how  much  the  plate 
could  stand.  The  arrangement  of  the  backing  is  clearly  shown  in  tig. 

10.  The  first  round,  with  a  striking  energy  of  2,764  foot-tons,  was 
broken  up.  The  second  round  had  no  effect,  while  the  third  shot, 

of  2,912  foot-tons,  was  similarly  broken  up,  the  point  remaining  fuzed 
in  the  plate.  The  fourth  shot,  at  3,280  foot-tons,  got  further  home, 
the  penetration  being  about  3  inches,  as  compared  with  2  inches  in 

the  previous  round;  and  while  the  fifth  round,  at  tin4  exceptionally 
high  energy  of  3,550  foot-tons,  got  through  the  plate,  it  had  all  its 
energy  spent,  as  the  nose  of  the  projectile  is  barely  discernible  through 
the  back  skin  of  the  plate.  No  crack  was  made,  so  that  the  plate  may 
almost  be  pronounced  as  invulnerable  in  ordinary  conditions  of  warfare. 
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FIG.  11.— ELSWICK   A.    P.   SHOT  AFTER   PASSING  THROUGH   BEARDMORE  6-INCH   PLATE. 
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Two  months  after  the  above  test  a  sixth  round  was  fired  at  this  plate 
to  test  the  Johnson  cap  for  projectiles.  The  projectile  made  a  clean 

hole,  passed  through  the  backing  and  skin,  and  buried  itself  in  the 
sand  butt.     When  found,  immediately  afterwards,  it  was  quite  cool. 

See  figs.  8  to  11. 

Elements  of  test  of  Johnson  cap.     Beardsmore  6-inch  plate. 

Number  of  round    6 

Weight  of  projectile   pounds. .   105.  9 

Striking  velocity   foot-seconds. .  1,  945 
Striking  energy   foot -tons . .  2,  778 
Penetration   Through 

Remarks. — Johnson  steel  A.  P.  shell  fitted  with  Johnson  cap.     Charge,  cordite.  13 
pounds  4  ounces. 

TRIAL  OF  AKMOti   FOIt   H.  M.  S.  "VENERABLE." 

[The  Engineer.] 

On  July  25, 1901,  at  the  Admiralt}^  proving  ranges,  at  Whale  Island, 
Portsmouth,  there  was  carried  out  the  first  of  a  series  of  armor-plate 

trials  of  more  than  ordinary  importance.  The  British  sj^stem  of 

Admiralty  control  over  armor-plate  manufacture  is,  for  each  order  or 

scries  of  orders,  to  subject  to  a  firing  test  a  preliminary-  sample  plate, 
made  under  the  direct  supervision  of  the  Admiralty  overseers,  and,  if 

this  sample  is  satisfactory,  to  order  a  number  of  plates  to  be  made  like 

it,  also  under  direct  supervision.  The  advantage  of  this  system  is  that 

the  Government  officials  have  and  fully  exercise  the  right  to  watch 

and  check  the  manufacture  in  all  its  details  and  at  all  its  stages.  Most 

foreign  governments,  ?iowever,  employ  a  different  system.  They  do 

not  control  the  details  of  manufacture,  but  select  a  plate  in  a  more  or 

finished  state  from  the  plates  in  progress,  and,  assuming  that  plate 

to  represent  the  whole,  subject  it  to  a  firing  test,  on  the  results  of 

which  the  fate  of  all  the  plates  concerned  depends.  It  will  be  seen  that 

(Mich  system  has  its  advantages;  and  while  it  would  not  be  reasonable 

to  employ  both  at  the  same  time,  the  maximum  guaranty  of  efficiency 

may  be  obtained  by  the  occasional  use  of  the  foreign  system  to  check 

our  own.  it  is  from  being  the  first  example  of  the  carrying  out  of 
this  check,  which  the  Admiralty,  however,  have  always  reserved  the 

right  to  exercise,  that  the  trial  referred  to  derives  its  importance. 

The  plate  tested  was  one  that  bad  been  made  by  John  Brown  &  Co., 

Limited,  and    lilted  to  its  neighbors  as  part   of  the  belt  armor  of 
II.   M.  S.     Venerable.      It    bad    been   completed    in   every    respect     and, 

except  the  drilling  of  the  bolt  holes  in  the  back,  was  ready   to  be 

attached  to  theship's  side.     But  there  were  -<>\ui-  defects  in  the  nature 
of  cracks  at  on.- end.  concerning  the  Importance  of  which  the  A.dmi 
ralty  overseer  bad  some  doubts,  and  the  Admiralty,  on   this  being 

reported  to  them,  decided  toselect  this  plate  for  a  check-firing  trial. 
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As  far  as  could  be  judged,  then,  from  all  appearances,  its  quality  was 
below  rather  than  above  the  average  for  the  whole  ship.  The  face  of 

the  plate  had  drilled  and  tapped  in  it  about  90  small  holes  for  various 

attachments,  so  that  some  little  dimcuhy  was  experienced  in  arranging 

the  points  to  be  fired  at — the  apices  of  a  triangle  of  3  feet  each  side — 
to  prevent  either  of  them  actually  falling  upon  one  of  these  small 

holes.  According  to  the  Admiralty  specification,  the  plate  had  to 

resist  two  blows  from  the  9.2-inch  armor-piercing  steel  shot  of  380 

pounds  weight,  striking  with  a  velocity  of  1,900  foot-seconds,  and  one 
blow  of  the  same  shot  with  such  reduced  velocity  as  the  plate  seemed 

then  capable  of  sustaining.  As  a  fact,  this  plate  stood  the  first  two 

rounds  so  well  that  the  third  was  also  fired  with  the  full  velocity. 

One  crack  to  the  edge,  there  4:  inches  deep,  was  occasioned,  as  well  as 

a  few  superficial  hair  cracks  in  the  face;  but  all  the  projectiles  were 

smashed  to  pieces  without  attaining  more  than  3£  inches  of  penetration. 

The  following  are  the  particulars  of  the  trial:  Plate,  12  feet  by  7  feet  6 

inches  by  8.8  inches  thick,  bent  and  fitted  to  ship's  side;  bolt>.  twelve  of 
4:i-inch  diameter,  5  feet  long;  backing,  oak;  frame,  none;  attack,  three 

rounds  of  Holtzer  armor-piercing  steel  projectiles  of  9.2-inch  diameter, 
and  381  pounds,  379  pounds,  and  379  pounds  weight  striking  at  the 

apices  of  an  equilateral  triangle  3  feet  per  side,  with  velocities  respec- 

tively of  1,899,  1,900,  and  1,900  foot-seconds,  each  capable  of  piercing 
over  20  inches  of  wrought  iron. 

A  sample  armor  plate,  selected  at  random  from  a  number  of  plates, 

manufactured  by  Messrs.  Cammell  &  Co.,  of  Sheffield,  for  the  battle- 
ship Bulwark,  was  tested  at  Whale  Island  under  the  usual  Admiralty 

conditions.  The  plate  was  nominally  of  9  inches  thickness,  but  the 
exact  measurement  was  8.8  inches,  and  the  length  and  breadth  were 

14  feet  by  6  feet  10  inches,  and  the  weight  of  metal  was  360  pounds  to 

the  square  foot.  Three  Holtzer  armor-piercing  shot,  each  weighing 

380  pounds,  were  fired  at  the  plate  from  the  9.2-inch  B.  L.  gun.  and 

the  plate  resisted  the  attack  in  such  a  manner  as  to  satisfy  the  condi- 

tions imposed  by  the  Admiralty.  Each  shell  was  broken  into  frag- 
ments, the  penetration  being  almost  nil,  and  while  there  were  no 

cracks,  there  was  a  slight  flaking  of  the  plate  at  the  point  of  impact. 

The  nose  of  one  projectile  became  embedded  in  the  plate,  but  it  did 

not  travel  beyond  the  hardened  surface.  The  velocity  of  the  project- 
iles was  about  1,900  foot-seconds. 

Sample  plates  of  4-inch  noneemented  quality  of  armor  submitted  by 

Sir  W.  (J.  Armstrong,  Whitworth  &  Co..  Openshaw  Works.  Man- 
chester, as  specimens  of  armor  for  the  cruiser  Lancaster,  were  tested 

at  Whale  Island.     The  plates  measured  1  feet  bj  i  feet,  and  each  was 
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required  to  stand  three  rounds  of  armor-piercing  projectiles  from  the 
-i. 7-inch  Q.  F.  gun,  fired  with  a  striking  velocity  of  1,635  foot-seconds. 
The  results  of  the  tests  showed  that  the  service  requirements  were 

satisfied  in  every  respect,  the  order  for  the  armor  being  conditional 

upon  the  satisfactory  tests  of  three  plates.  Five  plates  were  tested, 
from  which  the  necessary  standards  for  guidance  in  manufacture  of 

the  armor  for  the  above  ship  were  selected.  The  average  penetration 

was  under  1  inch,  and  no  crack  or  bulges  were  developed  on  the  backs 

of  the  plates,  which  were  in  the  same  state  as  before  firing. 

At  Whale  Island  a  sample  2-inch  plate  manufactured  by  Messrs.  Cam- 
mell  &  Co.,  of  Sheffield,  of  the  type  used  in  gun  shields  and  in  continua- 

tion of  the  armor  of  battleships  and  armored  cruisers  from  the  belt  to  the 
ram  was  tested  under  the  usual  conditions.  Three  rounds  were  fired 

from  a  6-pounder  Q.  F.  gun,  and  each  shot,  which  was  fired  at  a  veloc- 

ity of  1,700  foot-seconds,  splashed  on  the  plate,  but  there  was  neither 
crack  nor  penetration.  The  plate  was  then  subjected  to  a  more  severe 

test,  one  round  being  fired  from  a  4-inch  Q.  F.  gun  at  a  velocity  of 

1,650  foot-seconds.  Again  the  shot  splashed  on  the  surface,  causing 

neither  crack  nor  penetration,  but  it  set  up  a  slight  bulge,  which  indi- 
cated a  satisfactory  degree  of  elasticity.  The  whole  of  the  armor  of 

the  battleship  Queen  is  being  manufactured  by  Messrs.  Cammell  &  Co. 

RESISTANCE   OF   SNOW   WALL   TO   RIFLE   BULLETS. 

Experiments  in  Norway  show  that  a  wall  of  snow  4  feet  thick,  the 

snow  bein;-  neither  rammed  nor  frozen,  was  proof,  at  50  yards  distance, 
against  the  bullet  of  the  Krag-Jorgensen  rifle.  The  Norwegian  rifle, 

6.5  millimeters  caliber,  velocity  2,360  foot-seconds,  is  sighted  up  to 
2,500  yards. 

A  NEW  KRUPP  ARMOR. 

In  reply  to  comments  by  The  Engineer  (London)  in  which  criticism 

was  made  of  the  impossibility  of  applying  the  Krupp  cemented  proo- 
to  plates  of  the  inverted  conical  turret  bases  of  German  armored 

cruisers,  Herr  Krupp  replied  that  the  problem  had  been  solved  and 

that  non-cemented  plates  for  curved  surfaces,  with  loss  of  resisting 

power,  would  be  superseded  by  an  entirely  new  process,  giving  plates 

"hardly  inferior"  to  the  cemented  plate.  The  following  description 

ol*  this  armor  is  from  The  Engineer  of  May  L6,  L902: 
lor  all  curved  surfaces,  Indeed,  non-cemented  Krupp  is  employed,  with  a  corre- 

sponding lots  of  resisting  efficiency.  Herr  Krupp' a  letter  claimed  that  the  prob- 
lem had  been  solved.  No  details  were  entered  into,  and  comment  was  therefore 

impossible. 
We  are  now  in  a  position  to  supply  a  lew  meager  details  of  an  entirely  Ben  armor 

process,  which  on  trial  hai  given  a  figure  ->!"  merit  as  high  as  2.8  without  the  limits 
of  resistance  being  reached.    The  figure  of  merit  of  tli<-  best  cemented  Krupj 

1300    02   li 
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plates  varies  from  2.7  to  3.1  or  so,  3  being  the  generally  accepted  average.  The 
variety  that  exists  is  due  chiefly  to  the  relative  inexperience  of  some  manufacturers 
and  the  fact  that  the  lower  efficiency  plates  were  maiden  efforts,  or  nearly  so. 

Few,  if  any,  of  Krupp's  own  plates  have  been  tested  beyond  the  resisting  limit. 
Some  figures  of  recent  trials  with  cemented  armor  plates  may  be  of  interest,  and 
they  will  serve  to  indicate  how  far  tests  have  been  carried  against  them. 

Plate. 
Highest 

penetration of  shot 

against  iron. 

Minimum 
figure  of merit. 

5.5 

4.5 
11.8 

15.7 

11.4 

33.6 

2.85 
2.53 
2.85 

These  figures  are  from  acceptance  trials  for  plates  for  recent  ships,  and  do  not, 
therefore,  imply  anything  beyond  the  fact  that  they  were  at  least  as  good  as  the 
minimum  given.  The  projectiles  were  broken,  and  the  backs  of  the  plates  unhurt. 
Any  of  these,  then,  may  be  safely  assumed  at  3  as  a  figure  of  merit,  the  odds  being 
rather  that  they  would  have  exceeded  that  than  otherwise.  However,  all  this  is  by 
the  way. 

The  new  armor  is  claimed  by  Herr  Krupp  to  be  "hardly  inferior"  to  cemented 
plate.  Doubtless  this  claim  is  based  upon  comparative  trials  of  the  limits  of  resist- 

ance which  are  not  public  property.  For  that  matter,  nothing  at  all  about  the  new 
armor  has  been  public  property  for  more  than  a  few  days,  the  plate  exhibited  by 
Herr  Krupp  at  the  Dusseldorf  Exhibition,  opened  on  the  first  of  the  present  month, 

being  the  first  "publication"  of  the  matter,  and  this,  we  believe,  the  first  reference 
to  the  matter  in  the  British  pre—. 

The  process  is  not,  however,  of  immediate  moment.  The  points  of  salient  impor- 
tance are  that  the  armor  is,  for  most  practical  purposes,  equal  to  the  best  cemented; 

and  (2)  that  it  is  believed  to  be  applicable  to  any  form  or  shape  that  may  be  required. 
Round  turret  cupolas  have  already  been  constructed  of  it,  and  are  known  to  have 

undergone  severe  tests  at  Meppen — Herr  Krupp's  proving  ground. 
The  appended  photographs,  figs.  1  and  2,  show  an  exhibition  plate  of  this  armor 

which  is  now  at  Dusseldorf  Exhibition.  It  was,  in  the  first  place,  cast  as  a  block  14 

by  12^  by  3^  feet,  and  weighed  160  tons.  It  was  rolled  out  and  "cemented."  The 
product  was  a  show  plate  48  by  11  feet  and  11.8  inches  thick,  weighing  106  tons. 

On  April  2,  1902,  a  "casemate"  plate  of  this  cast-cemented  armor  was  fired  at  at 
Meppen.     The  results  were  as  follows: 

Size  of  plate,  #§  by  6hfeet  by  6  inches. 

Shot. Caliber  ' 
of attack. 

Inches. 

I   6 

6 II   
Ill   6 
IV   6 
v   6 

Weight  of 
projectile, 
forged  steel 
A.  P.  sheel. 

Pounds. 

112i 

112| 
112i 

112i 

1121 

Striking 

Ve  w!J'     Effect  on  projectile. 

foot- 
seconds 

Effect  on  plate. 

1, 762  I  Broken  up      No  damage. 

1,795  ;   do      No  damage. 
1,840      do      No  damage. 

1,860 

1,896 

1.4-inch  indentation. 

2-inch  indentation. 

2.3-inch  indentation. 

.do      Not  penetrated. 

.do    Do. 

Shots  II,  III,  and  V  indicate  their  presence  on  the  hack  ̂ i  the  plate,  which,  it  will 
be  noted,  has  behaved  much  as  an  ordinary  cement  plate — exhibiting,  if  anything, 
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less  tendency  to  crack  under  projectiles  that  nearly  penetrated.  Shot  V,  with  1,896 

foot-seconds  striking  velocity,  had  a  calculated  penetration  of  15-inch  iron.  The  figure 
of  merit  of  over  2.5  is  established  by  this  hit.  Other  trials,  as  we  have  stated,  have 

shown  a  figure  of  merit  of  over  2.8. 

The  new  armor  exhibits  great  toughness,  combined  with  a  very  hard  face.  In 

addition  to  other  tests,  it  has  stood  that  of  a  10-inch  shell  loaded  with  nearly  65  pounds 

of  high  explosive  picric  acid,  which  is  about  equivalent  to  lyddite.  An  8-inch  cupola 
went  through  this  test  unharmed,  and  is  now  on  exhibition  at  Diisseldorf. 

The  following  interesting  tables  of  comparison  are  reproduced  from 

Brassey's  Annual  of  1902: 

Table  I. — Comparison  of  resistance  of  armor  protecting  main  and  secondary  batteries  in 
latest  battleships. 

Nation. 

England   

France    

Russia   

Germany   

United  States. 

Japan    

Average 

Name  of  ship. 

King  Edward 

Republique... 
Borodino   

Wittelsbach  . . 

Georgia   
Misaka   

Protection. 

Secondary  armament. 

Actual 
thickness. 

Inches. 

7 

6£  and  5£ 

7 

5i 

6 

6 

Equivalent in  wrought 
iron. 

Inches. 

18 

17  and  14 

18 

14 16 

16 

a  16 

Main  armament. 

Actual 
thickness. 

Inches. 

12 
11 

11 

10 
11 

14 

Equivalent in  wrought iron. 

Inches. 

28 

26 

26 
24 

26 

32 

&26 

Note.— Proportion  of  (a)  to  (6),  lto  1.6. 
b  Average  without  Misaka. 

Table  II. — Comparison  of  piercing  power  of  main  and  secondary  guns  in  latest  battleships, 

3,000  yards,  using  nitro-cellulose  powders. 

Ship. 

King  Edward 

Republique  .. 
Borodino   

Wittctobach. . 

Georgia   
Misaka   

Avenge 

Secondary 

armament 

piercing 
power, wrought 

iron,  3,000 

yards. 

bl'iiuml  22 

Main  arma- 
ment pierc- ing power, 

wrought 
iron,  3,000 

yards. 
u  12  and  24 35 

14 

(?)35 

12 

(?)86 

12 

82 

« 12  and  20 

35 
12 

35 

tfor«^— Proportion  of  (*»)  to  («),  l  to  2.7. 
"Extra  turret  guns,  9.2  and  8  inches. 
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Table  III. — Comparison  of  penetration,  by  12-inch  gnu,  of  the  heaviest  armor  of  latest 
battleships. 

Carnegie  trial  plate  «  . 

Thickest  armor  of — 

King  Edward   

Republique   
Borodino   

Wittlesbach   

Vittorio  Emanuel 

Georgie   

Inches. 

11.5 

12.0 

11.0 
11.0 

9.8 

9.8 
12.0 

Penetrable  at  ranges  below  by  un- 

capped projectiles. 

12-inch  gun,  pres- 
ent velocity. 

Direct. 

Yards. 

4,400 

4,000 

5,000 
5,000 

6,000 

6,000 
4,000 

30°  to 
normal. 

Yards. 

2,000 

1,600 

2,500 
2,500 

3,300 

3,300 

1,600 

12-inch  gun  with 

improved  powder. 

Direct. 
30°  to 

normal. 

Yards. 

6,400 

6,000 

7,000 

7,000 

8,000 

8,000 
6,000 

Yards. 

4,000 

3,600 

4,600 
4,600 

5,300 
5,300 

3,600 

«  Pierced  by  12-inch  army  gun  in  competition  with  Gathman  gun  at  Sandy  Hook. 

Commenting  on  the  foregoing  tables,  and  referring  to  a  12-inch  gun 

with  2,800  foot-seconds  (for  850  pound  shell),  Brassey  says:  "If 
the  11-inch  and  12-inch  plates  are  meant  to  act  as  safeguards  against 
12-inch  projectiles,  they  are  too  thin;  if  simply  required  to  keep  out 

shot  from  Q.  F.  guns,  they  are  unnecessarily  thick." 
THE  BELLEISLE  EXPERIMENTS  OF  1902. 

Last  year  the  Belleisle  was  the  subject  of  experiment  to  test  the 
effect  of  modern  shell  fire  on  personnel  and  material.     She  carried! 

coal,  boats,  stores,  and  dummies  representing  personnel  at  different} 

stations,  and  was  subjected  to  nine  minutes'  tire  from  a  first-class j 
battleship. 

The  supposed  particular  object  of  the  foregoing  experiment  was  to 
determine  the   effect  of  gun  tire   on  woodwork.     From   the   havoc 

wrought  by  this  fire,  the  lesson  of  the  BeUeisle  appeared  to  be  thatf 
the  efficiency  of  the  personnel  in  rapidity  and  accuracy  of  fire  is  on 
first  importance  and  will  be  the  principal  factor  in  the  result;  thatj 
naval  battles  of  the  future  will  be  short  engagements;  and  that  the  first 
accurate  shot  will  greatly  influence  results.     There  also  appeared  thef 
necessity  for  a  greater  distribution  of  armor,  more  protection  for  the 
ends  of  the  vessels  and  for  the  personnel  at  the  guns.     The  terrible 
concussion  of   lyddite   and  kindred  high  explosives   seemed  clearly 
demonstrated,  as  was  the  fact  that  batteries  must  be  protected  against 

the  bursting  of  such  shell  inside  their  casemates.     An  account  of  this 
experiment  appeared  in  General  Information  Series,  No.  XX.  of  July, 
1901. 

This  year's  tests  were  for  the  purpose  of  ascertaining  the  resistance 
presented  by  the  sides  and  decks  of  the  newest  armored  cruisers  of  the 

British  navy,  as  well  as  the  value  of  explosives,  high  and  otherwise, 

as  bursting  charges  in  armor-piercing  projectiles.  To  this  end  the 

hulk  of  the  BJI<  isU    was  specially   prepared.     The   account  oi   the 
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experiments  that  has  become  public  is  very  meager,  the  greatest  effort 

to  attain  secrec}T  having  been  exerted  by  the  Admiralty.  Launches 
and  torpedo  boats  patrolled  the  harbor,  while  coast  guardsmen  cleared 

prominent  shore  points  of  all  observers.  After  the  firing,  screens 
were  hung  over  the  armor  plates,  and,  during  certain  examinations  by 

higher  officials,  even  commissioned  officers  not  directly  concerned 
with  the  experiments  were  not  allowed  to  come  near  the  hulk  at  the 

dock,  while  special  policemen  turned  their  backs  during  the  process  of 

photographing  the  injured  plates.  Later,  owing  to  the  difficulty  of 
maintaining  the  secrecy  desired,  the  Belleisle  was  towed  away  from 
the  dock  and  anchored  offshore. 

Under  these  conditions  little  information  has  been  available,  and 

the  following  meager  account  is  from  the  reports  of  various  English 

papers: 
Preparation  of  hulk. — The  forward  end  of  the  Belleisle  was  fitted  up 

to  represent  a  20-foot  section  of  an  armored  cruiser,  the  starboard  side 

representing  the  Drake  (14,100  tons)  class,  while  the  port  side  repre- 
sented the  cruisers  of  the  Monmouth  (9,800  tons)  or  county  class. 

For  this  purpose  a  4-inch  armor  plate  was  built  into  the  hull  on  the 
port  side  forward,  similar  to  those  supplied  for  the  side  armor  of  the 

county  class  of  cruisers,  while  on  the  starboard  side  were  6-inch  plates 
identical  with  those  ordered  for  the  Drake  class.  These  plates  were 

made  by  Messrs.  Campbell  &  Co.,  of  Sheffield,  the  principal  feature 

of  the  plates  being  that  they  had  been  only  partially  "Krupped"  in 
order  to  ascertain  the  elasticity  and  resistance  of  a  plate  under  these 

conditions.  Each  of  these  sections  of  targets  on  the  hull  was  painted 

in  black  and  white  squares,  there  being  an  area  of  20  square  feet  for 

each  target.  In  the  center  of  each  plate  was  a  u  bull's-eye,"  and  also 
a  small  cross  to  indicate  the  junction  of  the  angle  irons  of  the  ship 

with  the  armor  plates.  The  upper  deck  in  the  vicinity  of  the  target 

was  covered  with  2-inch  steel  plates,  the  remainder  of  the  deck  being, 
as  it  always  had  been,  wood.  The  interior  of  the  vessel  near  the  target 

was  fitted  as  sections  of  the  Monmouth,  and  Drake,  with  coal  bunkers 

just  inside  of  the  armor,  transverse  bulkheads,  mess  deck,  and  all 

internal  arrangements  of  that  part  of  a  cruiser. 

The  attack. — The  attack  was  made  by  the  gunboats  Pitlcher  and 
Comet,  the  former  mounting  a  \K 2-inch  gun,  the  latter  a  6-inch  gun, 
both  guns  being  of  the  latest  models  fitted  with  telescopic  sights. 

The  6-inch  plate  was  attacked  by  the  9.2-inch  gun  while  the  [-inch 
plate  was  attacked  by  the  (5- inch  gun. 

A  new  form  of  lyddite,  as  well  as  arnior-piereing  projectiles  and 
common  shells  were  used.      Lyddite  shells  were  tired  from  the  9.2-inch 

gun. 
The  Belleifile  was  moored  about  a  mile  out,  broadside  to  shore, 

while  the  gunboats  were  some  700  or  800  yards  distant,  placed  so  as 
to  fire  out  to  sea. 
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Firing  was  opened  by  the  Pincher' s  9.2-inch  gun  at  the  6-inch  plate. 
Two  rounds  were  discharged,  and  then  two  with  the  6-inch  gun  of  the 
Comet. 

Afterwards,  the  Belleisle  was  swung  around  and  the  4-inch  plates 
attacked  by  two  rounds  from  the  9.2-inch  gun,  and  then  by  four  rounds 
from  the  6-inch  gun,  making  in  all  ten  shots.  Between  each  two 
rounds,  the  Admiralty  party  visited  the  ship  and  made  careful  observa- 

tions of  the  results,  taking  photographs  of  the  effect  of  each  shot  on 
the  plate. 

Sixteen  shots  were  to  have  been  fired,  but  owing  to  injuries  from 

the  attack,  due  to  one  shot,  penetrating  between  "wind  and  water," 
and  causing  the  ship  to  leak  seriously,  the  trials  were  discontinued  and 
the  Belleisle  was  towed  back  to  Portsmouth.  Use  of  collision  mats  and 

steam  pumps  enabled  her  to  be  kept  afloat. 

Results  of  the  attach. — Two  of  the  4-inch  plates,  representing  the 
Monmouth  class,  were  complete^  perforated,  and  one  of  the  6-inch 
plates,  representing  the  Drake  class,  was  also  pierced,  the  9.2-ineh 
armor-piercing  projectile  going  through  the  6-inch  plate  and  the  6-inch 
projectile  through  the  4-inch  plate. 

In  each  case  an  armor-piercing  projectile  got  through,  the  common 
shell  having  broken  up  harmlessly  against  the  plates. 

The  lyddite  shell  likewise  failed  to  crash  through,  but  the  formidable 

shower  of  splinters  which  each  lyddite-filled  projectile  threw  out  as  it 
burst,  showed  that  this  shell  would  have  a  terribly  destructive  effect 
when  fired  at  unarmored  ships. 

Some  remarkable  results  followed  the  explosion  of  the  lyddite  shell. 

The  Pincher  fired  these  shells  at  300  }Tards  while  the  Comet  was  2,000 
yards  away,  abeam  of  the  Belleisle;  yet  on  the  shell  exploding  on  the 
side  of  the  hulk,  fragments  rebounded  and  fell  on  the  deck  of  the 
Pincher  to  the  rear,  and  were  also  scattered  near  the  Comet.  Some  of 

the  fragments  falling  on  the  deck  of  the  Pincher  were  less  than  two 
ounces  in  weight,  and  few  weighed  more  than  eight  ounces,  but  all 
were  heavy  enough  to  do  injury  had  they  struck  the  men  on  deck. 

English  accounts  give  the  following  as  the  results  of  the  experiment: 

1.  Four-inch  armor,  especially  prepared,  was  penetrated  by  6-inch 
shot,  the  shot  much  disturbing  the  coal  protection,  but  doing  little 
real  damage. 

2.  The  9.2-inch  lyddite  shells  were  not  effective  against  thin  armor. 
3.  A  6-inch  plate  resisted  6-inch  shot. 
4.  The  minimum  safe  range,  of  the  firing  vessel,  for  tiring  lyddite 

is  2,000  yards. 

5.  Until  a  ship  has  been  riddled  by  armor-piercing  projectiles. 
lyddite  is  useless,  unless  exploded  inboard  on  deck. 

Some  comment  was  made  upon  the  fact  that  the  conditions  of  the 
test  were  in  every  way  opposed  to  the  conditions  of  warfare. 





BEFORE  THE  TRIGGER  IS  PULLED. 

AFTER  FIRING  AND  BEFORE  THE  TRIGGER  IS  RELEASED. 

THE  MARS  AUTOMATIC  PISTOb 



SECTION  III. 

SMALL  ARMS. 

THE    "MARS"  AUTOMATIC  PISTOL. 

A    NEW   AUTOMATIC    PISTOL. 

This  pistol  is  of  the  magazine  type,  the  magazine  being  contained  in 
the  handle.  It  is  claimed  that  it  can  fire  a  heavier  bullet  and  take  a 

heavier  charge  than  any  other  existing  automatic  pistol.  Three  sizes  of 

pistol  are  made,  namely,  8-J-  millimeters,  0.36  inch,  and  0.45  inch. 
The  ability  of  this  pistol  to  carry  heavier  projectiles  lies  in  the  fact 
that  the  breech  remains  closed  until  the  bullet  has  left  the  barrel,  so 

that  there  is  no  chance  of  the  cartridge  bursting  b}^  being  withdrawn 
while  there  is  still  pressure  on  it. 

GENERAL    DESCRIPTION. 

From  the  sectional  drawing  given,  its  general  working  can  be  gath- 
ered. The  barrel  T  is  free  to  slide  backward  and  forward  horizontally. 

The  effect  of  discharging  a  shot  is  to  send  the  barrel  backward,  and 

it  carries  with  it  the  whole  of  the  breech  mechanism,  the  block  remain- 
ing locked  in  the  barrel.  On  the  under  side  of  the  barrel  there  is  a 

guide  block  a,  which  fits  and  slides  in  a  circular-shaped  slot  in  the 
front  part  of  the  stock  of  the  pistol.  In  the  slot  is  a  spiral  spring  rl9 
which  has  at  its  rear  end  a  buffing  arrangement  g,  which  is  provided 
with  a  plunger  and  strong  spring,  so  as  to  finally  absorb  the  energy 

of  the  recoil.  The  buffer-stop  and  spring  are  kept  from  moving 
backward  in  consequence  of  the  removable  pin  A,  which  goes  from 

side  to  side  of  the  stock.  The  spring  rx  is  made  as  light  as  is  prac- 
ticable, so  as  to  allow  as  quick  a  backward  movement  as  possible, 

while  at  the  same  time  insuring  that  when  the  recoil  is  over  the  barrel 
shall  immediately  be  forced  to  its  extreme  forward  position.  The 
spring  rt  of  the  buffer  g  is,  on  the  other  hand,  made  strong,  as  it  is 
there  that  most  of  the  surplus  energy  expends  itself. 

The  breech   mechanism   is   provided   with  a  breechblock  Bn  the 

forward  end  of  which  hftfl  upon  it  three  taper  lugs  /  /  /,  set  ;it    ll'O 
apart.  The  breechblock  has  also  on  Its  forward  end — placed  close 
beside  one  of  the  lugs  a  spring  carl ridge  ext  raotor  of  the  usual  form. 
The  breechblock  has  about  it-  rear  end  a  coiled  spring,  which  gives  it 
a  tendency  to  turn  to  the  right.     A  stud  on  the  outside  of  the  blook 

Iftfi 
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works  in  a  slot  which  limits  its  travel  to  about  a  quarter  of  a  revolu- 
tion. As  the  spring  tends  to  turn  the  breechblock  to  the  right,  this 

stud  is,  unless  prevented,  always  pressing  against  the  upper  end  of 
the  slot.  This  is  the  locking  position  when  the  breech  is  closed.  The 

unlocking  is  brought  about  by  means  of  a  lever  MN  being  made  to 
press  on  the  stud  and  to  bear  it  downward,  thus  revolving  the  block 
and  releasing  the  lugs  from  the  breech.  The  breech  mechanism  is 

actuated  by  two  springs  r2  (figs.  3  and  5),  which  are  entirely  separate 
from  the  barrel  spring  already  described.  The  forward  end  of  the 

breechblock  carriage  is  provided  with  two  parallel  rods  r1?  r2  (figs.  3 
and  5),  which  are  contained  in  holes  bored  in  the  stock,  parallel  to  and 
underneath  the  barrel.  Around  these  rods  are  two  coiled  springs, 
secured  by  studs  screwed  into  the  ends  of  the  rods.  It  is  evident  that 
when  the  breech  mechanism  is  forced  back  with  the  barrel,  these  two 

springs  are  compressed  and  tend  to  pull  the  mechanism  forward. 
Underneath  the  breechblock,  and  shown  dotted  in  the  engraving,  is  a 
loading  tray  apparatus  DG,  which  embraces  the  top  cartridge  in  the 
magazine.  This  is  hinged  to  the  carriage  at  s,  and  on  the  pistol  being 
discharged  is  pulled  backward,  drawing  with  it  the  cartridge  it  has 
withdrawn  from  the  magazine,  and  from  under  that  portion  c  of  the 
magazine  which  prevents  the  cartridges  being  forced  directly  out  of 
the  top. 

The  breechblock  and  its  action. — The  closure  of  the  breech  is  similar 
to  that  of  the  modern  heavy  rifles  of  high  power,  being  an  interrupted 
screw  of  zero  pitch.  The  lugs  I  (figs.  1,  3,  and  4)  enter  the  screw  box 
at  the  spaces  l2  (fig.  2a),  and  locking  is  effected  by  rotation  of  the 
block  Bx  to  the  right. 

The  spiral  spring  r5  (fig.  1)  exerts  a  constant  effort  to  keep  the  block 
rotated  to  the  right,  i.  e.,  always  locked  in  the  screw  box.  For  the 
action  of  the  mechanism  in  its  automatic  functioning,  the  block  must 
be  unlocked  against  the  action  of  this  spring,  and  held  unlocked  during 
recoil,  ejection  of  the  empty  case,  and  loading  of  the  fresh  cartridge. 
These  operations  are  effected  as  follows: 

Upon  firing,  the  breech  being  closed  and  the  block  locked,  the  barrel 
and  breech  mechanism  entire  move  to  the  rear  for  the  full  length  of 
recoil  and  then  start  to  return  to  battery.  For  a  very  short  distance 

the  entire  breech  mechanism,  with  the  breechblock  j-et  locked,  moves 
forward  together  until  the  toe  of  the  side  bar  Z  (figs.  3  and  4)  takes 
on  the  toe  of  the  bell-crank  lever  d.  The  continuation  of  the  return 

to  battery  requires  Z  to  slide  in  its  slot  in  the  breechblock  carrier, 

restraining  the  toe  N  of  the  bell -crank  lever  MN  (figs.  3  and  5),  caus- 
ing it  to  revolve  and  by  catching  on  the  pin  C  to  revolve  the  breech- 

block to  the  left  and  unlock  the  plug  Bp  As  soon  as  the  block  is 
unlocked  the  barrel  flies  forward  to  its  initial  position,  while  the 
breechblock  and  its  carrier  Zx  remain  at  the  rear.     These  operations 
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having  taken  place,  the  shell  has  been  ejected  and  the  fresh  cartridge 

presented  for  loading.  This  condition  of  affairs  is  illustrated  in  fig.  -i. 
Upon  the  release  of  the  pressure  on  the  trigger  the  block  and  carrier 
fly  forward,  the  fresh  cartridge  is  inserted,  the  piece  locked,  and 

read}'  for  firing.  It  is  to  be  noted  here  that  upon  the  release  of  the 
side  bar  Z  from  the  toe  of  lever  d,  that  the  lever  MN  is  free  to  revolve 

and  the  spiral  spring  r&  of  the  breechblock  would  rotate  the  block  to 

its  closing  position  and  prevent  the  entrance  to  the  breech  by  present- 
ing the  lugs  lx  of  the  block  in  front  of  the  lugs  lx  of  the  breech,  instead 

of  presenting  the  lugs  /  of  the  block  to  the  blanks  Z2  of  the  breech.  It 
is  necessary  then  to  keep  the  block  Bx  held  rotated  against  the  spring 
until  after  the  block  has  entered  the  breech.  This  is  accomplished  as 
follows: 

On  the  rear  of  the  underside  of  the  breechblock  are  cut  a  series  of 

ratchet  teeth,  which  engage  in  the  ratchet  stop  £?/,  fig.  3a.  When  the 
block  has  been  rotated  b}^  MN  (figs.  3  and  4),  the  ratchet  lever  et] 
takes  in  the  ratchet  teeth  e19  fig.  3a,  and  holds  it  firmly.  It  remains 
held  until  the  instant  it  has  fully  entered  the  breech.  At  this  moment 
the  toe  e  (figs.  3  and  3a)  catches  on  the  breech  mechanism  casing  and 
is  tripped,  thus  releasing  the  catch  er/.  As  soon  as  released,  the  spiral 
spring  t%  inside  of  the  breechblock  reverses  the  plug  to  the  right  and 
locks  the  breech. 

'  As  indicated  by  the  drawings,  the  hammer  is  cocked  by  the  recoil 
of  the  barrel  and  breech  mechanism. 

Loading  operations. — In  the  upper  portion  of  the  stock  is  a  loading 
tray  DG,  fig.  5,  hinged  at  s.  This  tray  first  presents  itself  in  rear  of 
the  top  cartridge  of  the  magazine.  Upon  recoil  after  firing,  the  rods 
rn  r2,  which  end  in  the  jaws  F  (fig.  3,  bottom  plan,  and  fig.  4),  move 

to  the  rear  past  the  upper  lip  ccx  of  the  magazine  and,  catching  the  car- 
tridge as  indicated  in  the  bottom  plan  of  fig.  4,  carries  it  to  the  rear 

and  places  it  in  the  loading  tray.  As  the  loading  tra}'  moves  to  the 
rear  it  passes  over  the  hammer  A,  as  shown  in  the  lower  view  of  fig.  7, 
and  is  compelled  to  rise,  swinging  in  a  vertical  plane  around  the  pivot. v. 

The  cartridge  is  thus  carried  up  and  placed  in  front  of  the  breech- 
block, as  shown  in  fig.  4,  ready  to  be  entered  by  the  block  as  it  returns 

to  battery.  Having  performed  its  function,  the  tray  returns  to  its 
initial  position. 

The  magazine  is  held  in  place  by  the  stop  p  in  the  stock,  tigs,  l  and  t. 
This  stop  may  take  in  either  notch  on  the  magazine.  When  in  K,  the 
pistol  is  ready  for  magazine  tire;  when  in  K.,  one  shot  at  a  time  may 
he  tiled. 

The  magazine  holds  a  different  number  of  cartridges,  from  fi  to  LI, 
according  to  the  caliber  of  the  bullets,  and  with  a  LO-cartridge  ran 
zinc,  with  refills  ready  to  hand,  an  expert  has,  we  ar«-  informed,  been 
known  to  fire  24  shots  in  ten  seconds.  The  pistol  Itself  \h  neat,  and 
balances  well  in  the  band,  while  its  weigh!  is  2  pound  and  LO  oun< 
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TESTS. 

These  consisted  almost  entirely  of  penetration  tests  at  point-blank 
range.  In  order  to  compare  the  relative  effect  of  the  discharge  of  a 
.45  revolver  cartridge  with  a  .45  cartridge  in  a  Mars  pistol,  a  shot 
was  fired  from  a  Colt  revolver  at  a  series  of  inch  boards  placed 
vertically  with  an  inch  air  space  between  them.  The  result  was 

that  the  Colt  bullet  pierced  six  boards  and  the  Mars  bullet  perfo- 
rated ten  boards  and  dented  the  eleventh.  The  weight  of  the  Colt 

bullet,  which  is  entirely  of  lead,  was  265  grains;  of  the  Mars,  which 

is  nickel-cased,  220  grains.  The  Colt  charge  is  7  grains  of  cordite; 
that  of  the  Mars  14  grains.  The  muzzle  velocities  are  670  and  1,250 

foot-seconds,  while  the  energies  are  270  and  760  foot-pounds  respec- 
tively. Trials  with  the  8£  mm.  and  .360  Mars  pistols,  with  bullets 

weighing  140  grains,  with  10  grains  of  cordite,  and  160,  with  12  grains 
of  v  cordite,  respectively,  showed  the  penetration  to  be  sixteen  boards 
in  the  first  case  and  twelve  boards  in  the  second.  As  a  comparison 

with  these,  shots  were  fired  from  the  Mauser  .360  pistol  with  a  projec- 
tile weighing  86  grains,  and  a  Colt  .360  pistol  with  a  bullet  weighing 

130  grains.  The  Mauser,  the  charge  of  which  is  5£  grains,  penetrated 
ten  boards,  while  the  Colt,  whose  charge  is  6  grains,  buried  itself  in 
the  ninth  board,  as  against  a  penetration  of  sixteen  boards  by  a  .360 
Mars  bullet. 

As  to  accuracy  of  fire,  there  were  no  tests  to  show  this,  but  it  is 
stated  that  a  Mars  pistol  18  inches  long,  with  correct  sight,  tired 

from  a  rest,  will  keep  all  its  shots  on  a  4-foot  square  target  at  1.000 
yards.  With  a  detachable  stock  it  is  claimed  that  it  will  form  an  excel- 

lent weapon  for  cavalry  or  mounted  infantry,  having  the  advantage, 
due  to  its  handle,  that  it  can  be  manipulated  with  one  hand,  leaving 
the  other  free  to  manage  the  horse. 

TIIK  HYLAKI)  KIFLK. 

The  actuating  or  main  spring  F  is.  as  will  be  seen  from  rigs.  2  and  3, 

of  the  flat  form.  It  is  held  in  position  by  means  of  a  circular  projec- 
tion on  its  rear  end.  which  slides  into  a  similarly  shaped  hole  in  a 

bracket  forming  part  of  the  mechanism  frame — this  hole  not  going 
quite  from  side  to  side  of  the  bracket — and  is  held  there  by  a  screw — 
not  shown — which  keeps  both  it  and  the  spring  below  it  in  position. 
It  will  be  seen  that  the  free  end  of  the  spring  enters  a  slot  in  the  ham- 

mer G,  which  is  pivoted  at  H.  There  is  a  notch  K  in  the  hammer  G, 
into  which  the  end  of  the  trigger  J  is  pressed  in  the  ordinary  manner 
by  a  spring.  In  rig.  3  the  mechanism  is  shown  cocked  and  nearly  ready 
for  tiring,  but  not  quite,  as  will  be  explained.  The  action  of  cocking 
is  brought  about  by  the  turning  of  the  bolt  from  its  position  when 

closed — i.   e.,   with  the  lever  turned  down  to  the  right     to  a  position 
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with  the  lever  pointing  vertically.  This  turning  movement  caused 

a  cam,  forming  part  of  the  bolt,  to  depress  the  small  cocking  piece 
L,  and  hence  the  spring  F  to  which  it  is  hinged  in  the  manner 
shown.  This  depression  is  carried  to  a  point  when  the  notch  on  the 

top  of  the  cocking  piece  is  brought  against  the  portion  M  of  the 
frame  and  remains  there.  This  movement  is  sufficient  to  allow  the 

end  of  the  trigger  J  to  be  forced,  into  the  notch  K.  As  we  have  said, 

the  mechanism  is  now  cocked,  but  it  is  impossible  to  release  the  main- 
spring F  by  pulling  the  trigger,  since  it  is  prevented  from  rising  on 

account  of  the  cocking  piece  L  being  caught  and  prevented  from 

moving.  When  the  bolt  is  pressed  home  and  the  lever  turned,  the  rim 

N  on  the  back  of  the  bolt  just  touches  the  cocking  piece  L  and  dis- 
engages it,  so  that  it  is  free  to  move  when  the  trigger  is  pulled.  Some 

such  device  as  this  is  absolutely  necessary.  The  next  portion  of  the 

mechanism  is  the  striker,  and  it  possesses  several  interesting  features. 

Its  travel  is  very  small  indeed,  only  just  enough  to  explode  the  cap  of 

the  cartridge.  It  is  controlled  by  no  spring,  but  is  free  to  move  in  a 

cylindrical  hole  drilled  in  the  bolt.  In  fig.  2  it  will  be  seen  that  the 

hammer  G  has  sent  the  striker  forward  and  that  it  projects  beyond 
the  bolt  head. 

In  fig.  3  the  bolt  is  shown  drawn  back  and  the  striker  also  with- 
drawn. The  method  of  withdrawing  the  striker  is  simple  and  clever. 

The  portion  of  the  bolt  marked  P  is  loosety  screwed  into  the  main  body 

of  the  bolt.  It  is  kept  from  revolving  when  the  bolt  is  turned  by 

reason  of  its  being  caught  by  the  sliding  groove.  The  result,  there- 
fore, is  that  when  the  bolt  is  turned  the  screw  is  undone  a  quarter 

turn  or  so,  and  the  effect  of  this  is  seen  in  fig.  3.  Here  it  will  be 

observed  that  P  is  no  longer  hard  up  against  the  bolt  as  in  fig.  2,  but 

is  slightly  separated  from  it.  The  striker  O  has  a  shoulder  at  Q, 
which  is  in  cam  form.  The  rear  of  the  piece  P  is  cammed  in  the  same 

way,  and  the  effect  of  the  relative  motion  between  the  main  portion  of 
the  holt  and  the  part  P  is  that  these  two  cammed  surfaces  are  made  to 

revolve  against  one  another  when  the  striker  is  drawn  back.  The 

makers  and  the  inventor  both  claim  that  this  arrangement  of  Hat  spring 
arul detached  hammer  and  striker  is  much  more  simple,  stronger,  and 

l<  —  likely  to  get  out  of  order  than  that  in  which  there  is  a  coiled 
spring  embracing  and  actuating  a  striker. 

The  magazine   itself  does  not  differ  greatly  from  others.     Some  of 

it-  arrangements;  however,  are  widely  different  from  any  that  have 
come  to  notice.      The  cartridge   platform   is  not  pressed   upward    l»\   :i 

spring  direct,  but  by  means  of  the  flat  spring  B  acting  on  the  end  of 

the  lever  S, which  is  pivoted  at  T.  The  trigger  guard  is  pivoted  at 
U,  and  it  has  an  extension  V.     When  the  trigger  guard  is  pre 

down,  this  projection  V  comes  against    the  spring  K.  and  lilt-  it.  with 
the  result  that  the  lever  S  is  depressed  to  the  bottom  of  the  magazine. 
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This  has  two  advantages.  When  the  platform,  which  is  hinged  to  the 

end  of  the  lever  S,  is  depressed  to  the  bottom,  nothing  holds  the  car- 

tridges, which  can  then  be  easil3T  shaken  out  of  the  magazine  by  turning 
the  rifle  upside  down.  This  is  extremely  useful  in  case  of  a  jamb. 
Then,  again,  when  the  platform  is  at  the  bottom,  there  is  no  resistance 
to  placing  the  cartridges  in  the  magazine,  into  which  they  can  be 

dropped  b}T  hand  quite  quickly  and  with  no  pressing.  Then  the  closing 
of  the  trigger  guard  over  the  trigger  allows  the  spring  to  again  act  on 
the  lever  S  and  to  put  pressure  on  the  cartridges. 

MAUSEB  MAGAZINE  FOR  K1FLES. 

The  magazine  for  rifles  which  is  described  is  designed  to  contain  ten 
flanged  cartridges  in  as  small  a  space  as  possible.  The  portion  of  the 

magazine  projecting  beyond  the  stock  takes  the  form  of  a  curve,  run- 
ning from  the  trigger  guard  gradually  up  to  the  body  of  the  stock. 

In  order  to  allow  of  this  construction  the  cartridges  are  arranged 

within  the  magazine  in  a  fan-shaped  manner,  the  depth  of  the  double 
row  of  cartridges  gradually  decreasing  from  the  wide  rims  to  the  nar- 

rower noses. 

Referring  to  the  accompanying  illustrations,  fig.  1  is  a  longitudinal 
section  of  the  magazine,  and  fig.  2  is  an  underside  view  of  the  casing 
and  stock. 

The  curved  bottom  plate  a  carries  the  cartridge-lifting  platform  and 
its  spring,  and  is  adapted  to  be  detached  from  the  stock.  The  plate  a 
is  continued  right  up  to  the  point  h.  It  extends  into  the  magazine  c. 
so  forming  the  front  wall  of  the  magazine,  against  which  rest  the  tiOses 
of  the  cartridges  d.  The  plate  is  secured  in  the  closed  position,  as 
illustrated,  by  means  of  the  spring  catch  e,  the  action  of  which  will  be 
understood  on  referring  to  the  drawings.     The  spring  f  is  suspended 
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from  the  top  h  of  the  plate  a.  Its  end  g  is  adapted  to  slide  in  a  guid- 

ing slot  h  cut  in  the  cartridge-lifting  platform  t,  so  that  it  may  move 
and  adjust  itself  to  the  motion  and  position  of  the  platform  during  its 
travel  up  and  down  the  magazine  box. 

The  cartridges  are  fed  into  the  magazine  from  a  clip,  the  flanges 

occup3Ting  the  deep  back  part  and  the  noses  the  shallow  front  part  of 
the  magazine.  This  method  of  arranging  allows  of  the  bottom  plate  a 
gradually  curving  up  from  the  guard  until  it  merges  into  the  curve  of 
the  stock  j. 

KRAti   MAGAZINE   MECHANISM. 

A  rifle  magazine  of  the  cylindrical  type  is  described  in  this  article. 

The  center  of  the  circular  casing  which  forms  the  cover  of  the  maga- 
zine is  occupied  by  a  core,  about  which  a  spring-actuated  cartridge 

lifter  works.  This  lifter  is  automatically  pulled  round,  or  cocked,  in 

readiness  for  pushing  the  cartridges  out  of  the  magazine,  by  the  open- 
ing movement  of  the  lid  through  which  the  cartridges  are  inserted. 

The  closing  of  the  lid  releases  the  carrier,  which,  under  the  influence 
of  its  spring,  is  caused  to  force  the  cartridge  around  and  out  of  the 
circular  chamber. 

In  figs.  1,  2,  and  5  of  the  annexed  drawings  the  magazine  is  illus- 
trated in  longitudinal,  vertical,  and  horizontal  sections.  The  magazine 

consists  of  the  casing  a  in  the  center  of  which  is  fixed  the  core  b.  The 
bottom  part  c  (fig.  3)  of  the  casing  is  so  constructed  as  to  allow  of  its 
removal  from  the  main  portion  of  the  magazine.  The  forward  end  d 
of  this  part  fits  into  the  groove  e  in  the  front  wall  of  the  magazine, 

and  its  rear  end  is  secured  by  the  hook/*  on  the  end  of  the  spring  <j. 
Fig.  2. 

Fig.  1 

The  cartridge  carrier  h  forma  part  of  tin*  ring  t,  which  works  about 
the  core  b.  Attached  to  (he  inside  of  the  ring  /is  the  end  of  the  spring 

/'.  the  other  <-n<l  of  which  is  secured  to  the  larger  portion  £  of  the  core. 
Upon  the  outside  of  tin-  ri»g  i  the  projection  /  is  formed.  This  pro 
jection  is  adapted  to  be  engaged  l>\  the  projection  m  standing  up  from 
(he  face  of  the  toothed  pinion  //.     The  toothed  pinion  [g  mounted  so 
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that  it  is  free  to  rotate  upon  the  extreme  end  of  the  core  h.  The  teeth 

of  the  pinion  are  engaged  by  the  teeth  cut  upon  the  inwardlj-  extending 
projection  o  of  the  lidj^  (fig.  4).  It  will  be  understood  that  when  the 
lid  p  is  turned  down  to  open  the  magazine  the  pinion  n  is  caused  to 
rotate.  This  motion  brings  about  the  engagement  of  the  projections 
m,  I,  and  the  ring  i,  to  which  the  cartridge  lifter  is  fixed,  is  consequently 

turned.  In  this  wa}^  the  cartridge  lifter  is  drawn  round  with  the  open- 
ing of  the  lid  p  to  the  position  shown  in  fig.  2.  In  this  position  the 

lifter  is  held  by  the  little  spring-actuated  hook  q,  which  works  on  the 
lever  r. 

The  cartridges  can,  with  the  parts  in  this  position,  be  dropped  into 
circular  casing.  After  they  have  been  inserted  the  lid  j?  is  pushed  up 
in  order  to  close  the  magazine.  The  closing  movement  causes  the  lid  p 

to  strike  against  the  nose  s  of  the  lever  /',  and  in  this  way  the  hook  q 
is  lifted  from  engagement  with,  and  so  releases  the  lifter  h.  When 

the  lid^>  is  fully  closed  down  the  hook  q  again  operates  to  lock  it  in 
the  closed  position.  When  the  lid  has  again  to  be  opened,  pressure 
upon  the  nose  s  releases  the  hook  from  engagement  with  the  lid. 



Section  IV. 

TARGET  PRACTICE  AND  GUN  TRIALS. 

NOTES  ON  BRITISH  NAVAL  TARGET  PRACTICE. 

Much  greater  interest  in  good  shooting  is  shown  in  the  British  navy. 
Admirable  records  have  been  made  by  the  Terrible  and  the  Bargleur 
in  China,  while  in  the  Mediterranean  other  ships  have  accomplished 
excellent  results. 

Good  practice  is  now  being  made  at  ranges  never  before  considered, 
at  any  rate  for  real  fighting,  and  evidently,  if  even  10  per  cent  of  hits 
BAD  be  made  at  5,000  yards  and  5  per  cent  at  7,000  yards,  it  would  be 
worth  while,  in  a  chase,  to  open  fire  at  the  latter  range,  and  possibly 
at  the  opening  of  an  engagement. 

The  conditions  of  prize  firing  vary  according  to  the  nature  of  the 

guns.  The  12-inch  and  9.2-inch  guns  fire  for  six  minutes  only  (the 
vessel  steaming  at  8  knots),  at  a  range  varying  from  1,400  yards  to 
2,000  yards,  and  at  a  target  of  15  feet  height,  20  feet  top,  and  50  feet 

bottom,  the  whole  giving  an  area  of  525  square  feet.  The  6-inch 
quick-firing  guns  fire  for  two  minutes  (the  vessel  steaming  at  12  knots), 
and  at  a  range  varying  from  1,400  yards  to  1,600  yards,  at  a  target 
giving  an  area  of  300  square  feet.  It  will  thus  be  seen  that  the  heavy 

guns  fire  at  longer  range  than  the  quick-firing,  but  their  target  is 
larger  and  the  speed  slower.  On  the  other  hand,  as  their  rate  of  fire 

i  -lower,  the  distance  varies  more  with  the  big  guns  than  with  the 
quick-firers.  The  function  of  the  heavy  guns  is  essentially  to  pierce 

the  armor  which  stops  the  quick-firer's  projectile,  hence  practice  with 
the  former  is  mainly  judged  by  the  number  of  hits,  whereas  the  capa- 

bilities of  the  quick-firer  are  estimated  by  the  weight  of  metal  hitting. 
Again,  the  efficiency  of  either  type  of  gun  depends  upon  the  rapid 

it\  with  which  it  can  hit.  Consequently,  rapidity  of  fire  must,  or 
should,  conduce  to  more  hits,  as  there  is  less  time  for  t\\r  distance  to 
change  between  the  rounds.  Indifferent  gunnery  has  invariably  been 

ribed  to  lack  of  practice  by  the  gunners,  and  to  improve  thi^  state 
of  affaire  one  well-known  naval  officer  has  Long  devoted  himself  to 
perfecting  a  system  of  his  own  for  training;  men  t<>  aim  accurately. 

The  system  includes  a  "dotting  machine"  for  training  the  pointer  t»> 
keep  the  sights  always  on  the  object,  independently  of  the  rolling 
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the  ship,  and  an  extemporized  loading  apparatus,  with  which  daily 
exercise  is  to  be  carried  out. 

The  fact  that  Captain  Scott's  methods  of  training  are  being  followed 
in  other  ships  indicates  that  greater  interest  is  now  taken  in  aiming 
practice  with  heavy  guns. 

Notwithstanding  the  fact  that  the  year  1901  gave  some  remarkable 

records  of  target  practice  in  the  British  navy,  the  average "  record  of 
this  service  for  1901  is  little  better  than  that  for  1899  and  1900,  the 
improvement  being  confined  to  exceptional  shooting  on  the  part  of  a 
few  crack  ships. 

THE   ••TERKIBLE'S"  LATEST  PRACTICE. 

The  Terrible  established  the  record  last  year  at  the  annual  prize 

firing  with  heavy  guns  (6-inch)  by  making  a  percentage  of  77.  This 

score  was  20  per  cent  higher  than  the  next  best  ship's  performance  in 
the  British  nav}T,  and  has  now  been  beaten  with  a  percentage  of  80  for 
6-inch  guns,  this  being  equivalent  to  the  ScyUa?8  record  with  1.7  guns. 

In  1900  the  score  was  so  large  that  many  pardonably  doubted  the 
accuracy  of  the  figures,  owing  to  the  great  difference  between  them 
and  those  next  in  point  of  merit.  But  in  order  to  obviate  all  suspicion 
regarding  the  results  obtained  on  this  occasion  the  time  and  marking 
of  each  gun  was  taken  by  several  independent  observers,  in  addition 
to  the  umpires.  The  regulations  state  that  two  umpires  from  another 
ship  are  to  witness  prize  firing;  the  TerriHt  had  five. 

Analysis  of  firing. 

6-INCH  GUNS  (12). 

Guns  as  fired. Rounds. 
Hits. 

Percent- age. 
No.  1   

10 

11 

11 

11 

11 

9 

10 
13 

12 
9 

11 

10 

10 

8 
11 

9 

9 

7 

10 
s 
9 

6 

6 

i 

100 

2 

3   90.6 

4   

5   

87 
6   

85.7 
7   

8   

9   

82. 6 10      

11   

12   

Totals   126 
102 

79.6 

- 

Last  vear,  1900   
104 

so 
76.8 

Remarks. — Duration  of  each  run  2  minutes:  speed  of  ship  12  knots;  number  of  rounds  per  minute 
average5.3;  number  of  hits  per  minute  average  4.2;  ten  men  made  possibles  (each  gun  being  tired  bf 
the  Nos.  1  and  2,  i.  e.,  one  minute  each  man),  one  man  making  8  rounds  8  hits  in  his  minute:  weight 
of  gun  7  tons;  weight  of  projectile  100  pounds. 
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A  rudysis  of  firing — Continued. 

9.2-INCH  GUNS  (2). 

F  barbette   

A  barbette   

Totals   

Last  year,  1900 

Rounds. 

10 

12 

■1-1 

Hits. 

Percent- 
age. 

50 

63.6 

14 64 

15 

60 

Remarks. — Duration  of  run  6  minutes;  number  of  rounds  per  minute  1.10;  number  of  hits  per  min- 
ute 1.1;  weight  of  gun  25  tons;  weight  of  projectile  380  pounds, 

In  the  fleet  the  average  hits  per  gun  per  minute  with  6-inch  quick-firing  guns  is  1.1.  The  Terrible 

made  as  much  as  this  with  9.2-inch  guns,  and  four  times  the  number  with  her  6-inch  guns. 

The  targets  depicted  in  the  accompanying  illustrations  of  the  Ter- 

]rible>8  latest  practice  were  of  strict  service  dimensions,  but  two  masts 
were  fitted  instead  of  three.  The  canvas  was  triced  out  from  each 

corner,  and  no  spreaders  were  used.     The  weather  was  fine  throughout. 

Pett}T  Officer  Grounds,  who  had  always  made  a  high  score  with  the 
"dotter,"  and  whose  gun's  crew  was  among  the  best  at  loading  drill, 
made  the  maximum  score  with  8  rounds,  8  hits  inside  the  minute. 
Petty  Officers  Taylor  and  Kewell  scored  9  hits  out  of  12  from  the 

after  9.2-inch  gun. 

The  shooting  and  loading  of  the  after  9.2-inch  gun  is  worth}-  of 
notice.  In  six  minutes  this  gun  fired  12  rounds  and  hit  the  target  9 

times,  which  is  1.5  hits  per  minute.  This  is  more  than  the  fleet  aver- 
age for  6-inch  quick-firing  guns.  As  it  was  anticipated  that  the  firing 

would  be  more  rapid  than  that  generally  accepted  for  6-inch  guns, 
and  in  order  to  avoid  question  regarding  the  results  obtained  on  this 

occasion  (for  the  shooting  of  the  Scylla  in  1899  and  that  of  the  Ter- 
rihlr  in  1900  was  barely  credited  in  the  British  service),  the  time  and 
marking  of  each  gun  were  taken,  as  stated,  by  several  independent 
observers  in  addition  to  the  five  umpires,  though  the  regulations  state 

that  two  umpires  from  another  ship  are  all  that  are  necessary  to  writ- 
prize  firing. 

METHOD   of   DISTRIBUTING   PRIZE   FIRING    MONEY  <>N   THE  "TERRIBLE." 

On  board  the  TerrMe^  it  is  the  custom  to  divide  the  admiralty  prize 

money  by  the  total  number  of  hits  made,  and  then  to  pay  each  gun's 
brew  according  to  the  number  of  hits  they  make.  In  L901  the  total 
prize  money  for  the  6  inch  guns  was  £19  2s.  6d.  The  gunners  of  the 

p-inch  guns  made  102  hits.  This  gave  8fl.  9d.  per  hit.  The  gun"- 
crew  to  which  Petty  Officer  Grounds  belonged  made  L0  hit-,  and  he 
received,  a-  captain  of  the  gun,  ten  times  8s.  9d.;  in  all.  11  L3s.  ttd. 

This  he  divided  with  the  eight  other  men  forming  the  gun'-  crew, 
L800    02        LO 
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PRIZE  FIRING  IN  THE  CHANNEL  S(Jl  ADRON. 

The  return  of  the  annual  prize  firing  with  heavy  guns  of  the  Chan- 
nel fleet  ships  has  been  published.  In  the  case  of  the  13.5-inch  gun 

two  runs  of  six  minutes  for  each  gun  were  made,  but  for  the  12-inch 
guns  one  run  of  six  minutes  was  made  for  each  gun.  The  results 
were  as  follows: 

Vessel. 

Repulse   
Resolution  . . . 

Mars   

Magnificent . . 

Majestic   
Prince  George 
Hannibal   

Jupiter   
Mars   

Majestic   

Repulse   

Jupiter   
Resolution  . . . 

Hannibal   

Prince  George 
Furious   

Arrogant   
Minerva   

Pactolus   

Num- 
ber 

guns. Cali- 

ber. 
Time 
firing. Shots. 

Hits. Per 

cent. 

Per  gun  per 
minute. 

Shots.      Hits. 

Inches. Minutes. 
4 13.5 12 

25 10 40 

0.52 0.21 4 
13.5 

12 

28 

9 

32 

.58 .19 

4 12 6 

26 11 

42 

1.08 

.46 

4 

12 

6 

23 

7 30 
.96 .29 

■4 

12 6 22 7 

32 

.92 .29 

4 12 6 

26 

7 

27 

1.08 

.29 4 12 6 

22 

6 

27 
.92 .25 4 12 6 

20 

6 

30 
.82 .25 12 6 2 

112 
62 

55 
4.67 

2.58 

12 6 2 
123 

52 

44 

5.13 2.17 
10 6 2 77 

39 51 

3.85 
1.95 

12 6 2 

97 

42 

43 4.04 1.75 10 
6 2 61 

31 51 

3.05 1.55 
12 6 2 

84 35 42 

3.50 
1.46 

12 6 2 

96 34 35 

4.00 1.42 

6 4.7 2 73 26 

36 

6.08 
2.17 

6 4.7 2 63 19 30 
5.25 

1.60 

6 4.7 2 

68 

28 26 

5.67 
1.50 

8 4 2 95 

20 

21 5.94 1.25 

The  shooting  by  the  13. 5-inch  guns  of  the  Repulse  and  the  Resolu- 
tion is  remarkable,  as  these  weapons  have  never  enjoyed  a  high  repu- 

tation; }Tet  the  Repulse  secured  10  per  cent  of  hits  and  the  Resolution 
32  per  cent.  The  best  firing  with  the  12-inch  gun  was  made  by  the 
Mars,  which  secured  42  per  cent  of  hits,  whereas  the  five  other  ships 
of  the  squadron  armed  with  the  same  gun  averaged  only  about  30  per 

cent.  The  Mars  is  evidently  the  crack  ship  of  the  squadron  in  gun- 
nery, for  with  the  6-inch  gun  she  averaged  55  per  cent,  making  62 

hits  with  112  rounds.  The  Repulse,  though  firing  only  77  rounds, 
made  50  per  cent,  while  the  Majestic^  firing  123  rounds  in  the  same 
time,  made  52  hits,  or  12  per  cent.  The  other  ships  armed  with  the 
6-inch  gun  were  content  with  a  mean  of  from  30  to  35  per  cent,  though 
in  each  case  the  firing  was  much  slower  than  in  the  case  of  the  Mars 

and  the  Majestic,  With  the  4.7-inch  gun  the  Furious  was  the  only 
ship  that  came  anywhere  near  30  per  cent,  which  is  disappointing, 

having  regard  to  the  fact  that  the  4.7-inch  has  the  reputation  of  being 
the  most  accurate  gun  in  the  British  service. 
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BUN  PRACTICE  OF  H.  Sf.  S.  "CBESCEMT." 

A  Bermuda  correspondent  reports  the  following  record  of  practice 

by  the  Crescent,  flagship  on  the  North  American  Station: 

So  far  as  is  known  this  is  a  record  for  6-inch  quick-fire  gun  firing  as  regards  rounds 
and  hits  per  minute,  and  was  accomplished  from  guns  with  the  old  pattern  three- 
motion  breech  mechanism,  whereas  most  figures  published  lately  represent  firing 

from  those  guns  which  are  fitted  with  the  more  modern  one-motion  breech  action. 
With  regard  to  the  9.2,  this  would  appear  to  be  a  record  as  far  as  percentage  of  hits 

to  rounds  is  concerned,  and  was  also  accomplished  from  an  old  mounting,  carrying  a 

gun  with  a  slow  breech  motion.  All  the  guns,  including  the  9.2,  were  hoisted  out 

and  landed  for  nearly  three  months  for  docking,  the  last  gun  being  replaced  by 

April  25,  just  fourteen  days  before  the  prize  firing  took  place.  The  firing  took  place 

on  the  9th  of  May,  1902. 

6//  (J.  F.  .[-motion  mechanism.      C.  P.  I.  mountings. 

Gun. Rounds. Hits. Rate  of  hits 

per  minute. 

1  .            14 
13 

12 
12 
13 
12 
11 
12 
10 
12 
9 
9 

12 
12 

11 
11 
10 

10 
9 
8 
7 
5 
5 
5 

(3 

•; 
G 

B                                                                                5  5 
4   

5.5 

5 
6   5 
7   

4.5 

8   4 
9   3.5 
10   

2.5 

11   
2. 5 

|2   2.5 

139 105 

Average  of  rounds  per  gun  per  minute    5.  79 
Average  of  hits  per  gun  per  minute    4.  37 

9.2"  B.  L.  Mark  VI,  Mark  III  mounting:  Hounds,  10;  hits,  9. 

Average  of  rounds  per  gun  per  minute   83 
Average  of  hits  per  gun  per  minute   74 

THE  DOTTElt. 

The  following  description  of  the  dotter  is  taken  principally  from 

patent  specifications: 

The  apparatus  comprises  a  shifting  target  T,  and  a  moving  marking  mechanism  M. 

Tin*  former  is  operated  by  hand,  while  the  latter  is  connected  to  the  mu/zle  of  the 
;_miii  and  moves  with  the  gun  as  the  gun  is  trained  or  elevated.  Both  T  and  M  are 
fitted  in  a  fixed  frame  F,  and  each  can  slide  vertically  or  horizontally  independently 

of  the  other.  The  recording  mechanism  comprises  an  electromagnet  in  circuit  with 

the  firing  pistol  of  the  gun,  and  when  the  gun  pointer  it  satisfied  with  the  alignment 

ami  pulls  tie-  trigger,  electric  connection  is  made,  and  the  magnet  ///  attracts  the  anna 

tun-  </,  forcing  the  pencil  or  marker p  forward  againsl  a  sheet  of  paper  moving  with 
the  target  T,  thus  recording  accurately  the  direction  in  which   the  gun  was  pointing 

when  tin  was  pulled.     Immediately  on  the  release  of  the  pistol  trigger,  the 
armature  is  released  and  a  spring  brings  the  pointer  p  back  to  its  normal  position. 

'I  In  target  c<  >i  a  plate  T,  mounted  on  a  bar  fi,  along  which  it  can  slide  for 
horizontal  movement,  whilst  the  bar  B  can  slide  tip  and  down  In  the  frame  I 

A  horizontal  movement  may  I  •  by  ■  cord  e,  which  moves  the  ta 
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a  spring  s,  so  that  when  the  cord  is  let  go  the  target  is  pulled  back  by  this  spring. 
Pulleys  xx  may  be  employed  for  the  purpose  of  reducing  the  extension  on  the 
spring. 

The  target  is  moved  vertically  by  means  of  an  endless  chain  d,  connected  to  the 
bar  at  E,  and  driven  by  a  handle/.  The  speed  in  this  case  may  also  be  reduced  by 
gearing. 

The  dotter,  or  marking  mechanism,  M  is  connected  to  the  gun  barrel  by  a  rod  K, 
bolted  to  a  wooden  tompion  L,  secured  in  the  muzzle  of  the  gun. 

In  order  to  obtain  practical  results  from  training-  gun  pointers  with 
this  machine  there  are  two  things  which  must  not  be  done  under  the 

impression  that  the  machine  is  being  properly  used.  They  are:  (1) 
The  target  must  not  be  held  stationary  and  the  gun  elevated  or  trained 

in  order  to  make  a  bull's-eye  as  the  gun  sweeps  past  the  mark,  and  (2) 
the  gun  must  not  be  held  stationary  with  object  of  making  bull's-eyes 
as  the  target  sweeps  past. 

The  target  may  receive  the  combined  vertical  and  horizontal  move- 
ment of  which  it  is  capable,  in  varying  proportions,  and  the  gun  must 

be  moved  to  follow  the  target,  at  the  same  time  keeping  the  sights  on 

the  bull's-eye  as  accurately  as  possible.  The  vertical  movement  is  the 
most  important,  involving  as  it  does  the  proper  elevation  of  the  gun, 
and  ma}^  be  used  to  the  exclusion  of  the  other  movements  with  good 
results. 

A  combination  of  the  vertical  and  horizontal  movements  may  be 

automatically  secured  b}T  drawing  the  target  frame  T  to  the  middle 
point  of  B,  and  the  securing  of  the  ring  of  the  cord  c,  so  that  the  end 
is  fast  and  can  not  move.  In  this  position  a  vertical  movement  of  the 

bar  B,  by  the  handle  y,  will  extend  or  relax  the  spring  *,  and  thus 
produce  a  corresponding  horizontal  movement  of  T  on  B  as  B  rises  or 
falls. 

The  speed  of  the  target  should  not  be  so  great  as  to  discourage  the 
beginner  in  his  effort  to  pick  it  up  and  follow  it  with  the  gun. 

As  a  test  of  the  efficiency  of  training  or  elevating  mechanism,  this 
machine  is  an  excellent  shop  tool.  The  attempt  to  follow  the  target 
instantly  develops  the  strong  or  weak  points,  in  a  most  convincing 
manner,  of  the  elevating  and  training  mechanism  of  the  gun  in  hand. 

THE  LOADING    MACHINE. 

This  is  a  breechblock  fitted  to  a  false  loading  chamber,  so  that  the 

shell  may  be  removed  from  the  machine.  The  shellmen  of  the  gun 
are  trained  to  load  the  machine  with  projectiles  by  hand,  without  the 

use  of  a  rammer.  It  is  stated  that  after  some  practice  6-inch  shell, 
weighing  100  pounds,  can  be  accurately  and  rapidly  thrown  by  hand 
into  the  gun,  and  landed  home  without  the  use  of  the  rammer.  The 
first  efforts  at  this  drill  resulted  in  considerable  exhaustion  to  the  men 

engaged,  but  continuous  drill,  with  proper  rest,  enabled  the  teat  lo 
be  easily  accomplished. 



<¥^ 

Fig.  1.  THE  "  DOTTER  "  (CAPT.  SCOTT'S  AIMING  MACHINE). 
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The  necessity  for  a  spare  breech  apparatus  arises  from  the  fact  that 
in  this  practice  the  nose  of  the  shell  in  new  hands  will  batter  the 
threads  and  projections  of  the  screw  box,  and  also  from  the  necessity 

of  having  some  means  of  removing  the  shell  from  the  gun  in  a  man- 
ner similar  to  that  obtained  in  firing — that  is,  when  once  loaded  the 

shell  is  not  to  be  removed  from  the  rear  of  the  gun. 

The  Barfleur's  gun  crews  were  engaged  in  the  exercise  of  loading 
20  rounds  of  common  shell  and  cartridge,  going  through  the  motions 
required  in  actual  loading  and  firing.  A  prize  of  $20  was  offered  to 

the  gun's  crew  which  loaded  the  gun  with  20  rounds  in  the  quickest 
time.  The  crew  winning  the  prize  accomplished  this  in  1  minute  and 
24  seconds. 

Since  the  above  notes  were  written  contests  with  the  loading  machine 

between  the  crack  gun's  crew  of  different  ships  seems  to  be  the  order 
of  the  day  in  the  British  service.  The  contests  are  as  exciting  to  the 

onlookers  as  to  the  gun's  crews  engaged. 
Recently  a  gun  crew  from  the  Glory  challenged  a  crew  of  tne 

Terrible.     The  match  was  won  by  the  Terrible ]s  crew. 

Crew. 

Terrible 

Glory... 

Number  of 
shell  loaded 
into  the  gun. 

20 

20 

Weight  of 
each  shell. 

Pounds. 100 

10U 

Time  to 
load  20 
rounds. 

m.  s. 
1  19* 

1    21* 

A  NOTE  ON  WHALE  ISLAND  TRAINING  STATION  FOR  SEAMEN  GUNNERS. 

Telescopic  sights  have  been  fitted  to  all  the  guns  at  Whale  Island, 
where  1,000  seaman  gunners  are  continuously  under  training.  At 

present  the  largest  gun  at  Whale  Island  is  the  9.2-inch,  but  a  building 
is  being  erected  for  the  accommodation  of  the  12-inch,  so  that  before 
the  year  is  out  the  gunners  will  be  trained  in  every  type  of  naval  gun, 
and,  with  it,  in  the  use  of  the  telescopic  sight. 

INTERESTING  RUSSIAN  TARGET  PRACTICE  WITH  DUMMIES. 

[United  Service  Gazette.] 

A  company  of  infantry  and  a  battery  of  artillery  were  each  duplicated 
by  dummy  figures,  so  arranged  that  each  dummy  would  fall  over  when 
struck  by  a  bullet. 

The  infantry  company  fired  at  the  dummy  battery,  and  the  nattery 
fired  at  the  dummy  infantry  company.     When  a  dummy  fell  over  a 

man  \\;b  at  oii<-<-  withdrawn  from  the  corresponding  live  company. 
A  series  of  firing*  were  carried  out,  <>ne  at  2,000  and  the  other  at 

800  yards.  At  the  longer  range  tin-  lire  was  maintained  for  three 
minutes,  the  company  losing  84  and  the  battery  9  men.  At  the  shorter 

range  tin-  tire  was  continued  for  two  minutes,  the  company  iosin| 
men,  the  hatters    15. 



150 

It  is  to  be  borne  in  mind  in  comparing-  these  results  that  the  usual 
proportion  of  artillery  to  rifles  in  the  army  (British)  is  4  guns  to  1,000 
rifles,  while  in  this  practice  there  were  6  guns  to  90  rifles. 

Other  experiments  have  been  carried  out  with  a  view  to  obtaining 
more  information  than  has  been  hitherto  available  as  to  the  effect 

which  may  be  expected  to  be  produced  by  musketry  fire  upon  floating 

targets,  as,  for  instance,  upon  boats  carrying  troops  for  disembarka- 
tion. The  principal  lesson  learned  from  the  exercise  would  seem  to 

have  been  that  judging  the  distance  of  a  target  and  obtaining  the  cor- 
rect range  is  far  more  difficult  at  sea  than  on  land.  Where  the  distance 

does  not  exceel  1,000  yards  and  the  sea  is  smooth  it  is  possible  to 

observe  where  the  bullets  strike  the  water,  even  when  the  strength  of 

the  firing  party  is  not  large,  and  so  correct  the  elevation,  but  where 

these  conditions  do  not  exist  the  determination  of  the  range  is  not  so 
easy. 

The  experiments  near  Odessa  were  divided  into  three  series.  In  the 

first,  the  fire  was  directed  against  targets  moving  parallel  to  the  shore; 

in  the  second,  against  targets  approaching  the  shore,  the  firing  party 
in  both  cases  being  naturally  on  shore:  while  in  the  third  the  fire  was 

delivered  by  men  on  board  ships  against  a  target  under  three  condi- 

tions— namely,  (a)  both  ship  and  target  being  stationary,  (b)  the  ship 
being  stationary  and  the  target  moving,  and  (c)  both  ship  and  target 

being  in  motion. 

In  the  first  series  of  experiments,  against  a  target  moving  parallel 

to  the  shore,  the  mark  was  a  boat  such  as  would  be  used  for  disem- 
barking troops  filled  with  dummies  representing  armed  men.  This 

was  towed  by  a  steamer  across  the  range,  and  as  a  uniform  distance 

from  the  shore  was  not  maintained,  the  number  of  hits  obtained,  con- 

sidering the  size  and  conspicuousness  of  the  target,  was  compara- 
tively few. 

In  the  trials  against  the  approaching  mark  the  same  target  was  used, 

but  it  was  now  attached  to  a  cable  2,000  yards  in  length,  the  other  end 

of  which  was  brought  ashore  and  made  fast  to  a  carriage  to  which  four 

horses  were  attached.  These  being  driven  inland,  the  boat  was  drawn 
toward  the  shore  at  the  rate  of  about  117  yards  per  minute,  or  1  miles 

per  hour,  and  fire  was  kept  up  on  it,  by  volleys,  until  it  arrived  within 

700  yards  of  the  firing  party.  The  result  obtained  in  this  case  was 

better  than  the  preceding,  38  per  cent  of  the  bullets  taking  effect 

According  to  the  Russian  authorities,  the  experiments  have  shown  the 

necessity  of  more  extended  practice  of  the  troops,  who  may  be  called 

upon  to  oppose  an  attempted  disembarkation,  in  firing  under  the  condi- 
tions in  which  they  would  then  find  themselves. 

KEYMAISX'S  "CONTROL  SPECTACLES." 

This  ingenious  device,  constructed  by  Capt.  Albert  Key  maun,  of  the 

Austrian  army,  consists  of  a  spectacle  frame  having  a  small  smoked- 
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glass  plate,  entirely  shut  off  from  the  light,  set  in  diagonally.  The 

marksman  puts  on  the  spectacles  and  aims,  taking  the  line  of  sight 

through  the  little  glass  plate.  The  instructor,  standing  at  his  right, 

observes  the  aiming,  the  image  of  which,  marked  through  the  eye,  the 

line  of  sight,  and  the  point  aimed  at,  is  accurately  and  distinctly  reflected 

in  the  glass.  During  the  observation  the  instructor  should  keep  as 

quiet  as  possible. 

In  the  case  of  men  who  can  not  easily  and  firmly  close  their  left  eye, 

the  left  side  of  the  spectacles  can  be  darkened  by  a  sheet-metal  disk. 
This  disk  hangs  in  the  frame  and  can  be  placed  in  position  or  removed 

by  slight  pressure  on  a  spring. 
Instruction  can  be  successfully  given  at  night  also,  in  which  case  the 

point  aimed  at  (black  point  or  figure)  is  pasted  on  a  dim  disk  (milk- 
white  glass  or  thin  paper),  with  a  light  placed  behind  it. 

The  "control  spectacles"  admit  of  strict  supervision  of  the  manner 
of  aiming,  choice  of  point  to  be  aimed  at,  and  firing,  both  during 

instruction  and  target  practice,  in  every  position  of  the  bod}^. 
The  ministry  of  war  has  become  convinced  that  this  apparatus  fully 

answers  its  purpose  and  has  found  it  to  be  of  special  advantage,  as  it 

*  gives  the  instructor  an  opportunity  in  target  practice  to  observe  the 
marksmen's  work. 

The  "control  spectacles"  are  made  of  substantial  rust-proof  mate- 
rial, and  in  order  that  the  reflected  image  of  the  rifle  or  of  the  line  of 

sight  may  appear  as  nearly  as  possible  in  the  center  of  the  smoked 

glass,  the  apparatus  is  made  with  high  as  well  as  low  bridges  to  fit 

differently  shaped  noses. 

The  apparatus  has  also  been  tested  with  good  results  at  the  marks- 

men's school  at  Spandau-Ruhleben  and  introduced  into  the  German 
army.  It  can  be  employed  in  connection  with  any  modern  firearm,  as 

it  is  independent  of  the  weapon,  while  the  smoked  glass  immediately 
in  front  of  the  eye  does  not  interfere  with  seeing  through  it,  and  the 

recoil  is  not  transmitted  to  the  apparatus.  Finally,  recruits  can  be 

made  familiar  with  instruction  in  aiming  by  the  instructor  putting  on 
the  spectacles  and  letting  the  soldier  observe  the  aiming,  as  shown  in 
the  annexed  illustration. 

Several  thousand  of  these  spectacles  have   been  sold  to  the  Austrian 
army. 

TAKtiKT  PRACTICE  OF  THE  KKK.MII  NOKTIIKKN  sen  ADBOIf. 

The  French  Northern  Squadron  engaged  in  target  practice  of  an 

interesting  character.     The  old  wooden  ex  Surcouf^  which  lias  \n>vu 
Qged  a-  a  COal  hulk.   \va>  towed  out    l>\   the  [njfatigablt   and   left  as  a  tar 

get  for  the  squadron.    The  appearance  of  a  modern  vessel  had  been 
\en  to  her  by  building  a  superstructure,  funnel,  and  tnasl  of  light 

wood  and  canvas.     Rain  was  falling,  and  there  NNa-  a  light  base  which 
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partly  shrouded  the  abandoned  vessel  from  view,  while  a  rather  heavy 
swell  was  upon  the  water.  The  mean  number  of  hits  was  estimated  to 
be  12  per  cent.  The  hulk  was  164  feet  long,  with  a  beam  of  a  little 
more  than  26  feet,  and  the  range  varied  between  2,000  meters  (2,187 
yards)  and  4,000  meters  (4,375  yards).  The  exercise  lasted  about  a 
quarter  of  an  hour,  the  guns  employed  being  the  main  and  secondary 
armament.  At  conclusion  of  that  period  of  time  the  old  hulk  went 
to  the  bottom. 

An  examination  of  the  report  shows  that  in  340  rounds,  41  hits  were 
recorded.  The  formidable  tired  74  rounds,  with  12  hits,  at  ranges 
between  2,200  meters  (2,405  yards)  and  3,900  meters  (4,266  yards), 
while  at  the  same  ranges  the  Courbet  in  57  rounds  made  only  3  hits, 
and  the  Amiral  Trehonart,  9  hits  out  of  63  rounds.  The  estimated  range 
for  the  Bouvines  and  Valmy  was  from  3,000  to  4,000  meters  (3,280  to 
4,375  yards),  and  the  former  in  48  rounds  made  only  5  hits,  while  the 

Valmy  scored  2  out  of  18.  Another  coast-defense  armor-clad,  the 
Jemmapes,  fired  15  rounds,  with  5  hits,  and  the  Dupuy  de  Lome  made 
the  same  score  with  65  rounds,  the  range  in  the  case  of  the  latter  being 
4,000  meters. 

RATE   OF  FIRE. 

The  following  summary  of  best  results  with  heavy  and  quick-firing 
guns  in  the  British  service  is  given: 

Best  results  with  heavy  guns. 

|Target,  15  feet  high;  area,  525  square  feet;  range,  1,400-2,000  yards;  speed,  8  knots.] 

Ship. 
Number 

guns 

firing. 

Cali- 

ber. 

Firing 

time 
each 

gun. 

Total shots 
fired. 

Hits. 

Hits, 

per 

cent. 

Per  gun  per 
minute. 

Rounds. 
Hits. 

Ocean    

•1 

4 
4 
2 

Inches. 

12 

12 10 

9.2 

Minutes. 

6 

6 

6 

6 

26 26 

47 

22 

15 
11 

23 

14 

57.9 

42. 0 
49.0 

63.6 

1.08 

1.08 

1.96 
1.83 

0.6 Mars   .46 

Barfleur   

.9 
Terrible   1.16 

Best  results  with  quick-tiring  guns. 

[Target,  15  feet  high;  area,  300  square  feet;  range,  1,400-1,600  yards:  speed,  12  knots.] 

Ship. 
Number 

guns 

firing. 

Cali- 

ber. 

Firing 

time 

each 

gun. 

Total 
shots 
fired. 

Hits. 

Hits. 

per 

cent. 

Per  gun  per minute. 

Rounds. 
Hits. 

Terrible   
12 

12 12 

10 

Inches. 

6 

6 

6 
4.7 

Minutes. 

2 

2 

2 

2 

128 

115 
112 

159 

102 

64 
62 

114 

80 

56 

55 

71.7 

5.33 

4.  SO 

I.  07 
7.95 

4.25 

Ocean    
2.67 

Mars   

Barfleur   
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In  prize  firing,  during  which  the  foregoing  records  were  made,  the 

practice  commenced  with  the  guns  loaded.  In  order  to  get  a  more 
accurate  estimate  of  the  rapidity  of  fire,  the  time  limits  in  each  rase 

above  should  be  increased  by  the  time  required  to  load  the  gun  at  the 

beginning,  or  the  number  of  shots  should  be  reduced  b^v  one  and 

the  firing  time  in  the  fourth  column  above  reduced  by  the  actual 

time  necessary  to  fire — i.  e.,  to  discharge  the  first  shot.  This  would 
reduce  the  rounds  per  minute  to  the  basis  of  an  empty  gun  at  the 

command  "Commence  firing."  To  be  consistent  and  give  credit 

where  due,  a  gun  loaded  and  ready  to  fire  at  the  instant  i;  Cease  fir- 
ing" sounded  should  be  credited  with  a  reduction  in  time  by  the 

elapsed  time  from  the  instant  of  firing  the  last  shot  to  "  Cease  firing." 
Brassey  (1902)  says:  "A  fair  way  of  assessing  the  rate  of  fire  is  to 

take  away  one  round  from  the  total  of  each  gun  and  deduct  from  the 

time  for  the  gun,  half  the  average  time  between  two  rounds,  to  allow 

for  waste  at  the  end." 
The  following  table  of  rate  of  fire  is  given  as  being  of  interest: 

Ship. 

Misaka   

Do   

Formidable   

Irresistible   

Cressy   

Experimental  gunboat   
Aboukir   

Sutlej   

Vickers's  experimental  range 

Caliber. 

Num- 
ber 

guns. 

Number 
rounds 
fired. 

Elapsed 
time. 

Time 
one  shot. 

Inch. TO.     s. 
! 

Seconds. 

12 

12 

«2 

4 

3 

40 
48 

2    23 

12 

c-2 

10 4    56 60 

12 

c2 

10 

4    4G 57 

9.2 (d) 5 1    40 20 

9.2 

(d) 
5 1    30 16 

9.2 
(d) 5 1    25 

15 9.2 
(«) 5 1    40 

20 

7.5 

/l 

5 0    37 

7§ Rate  fire. 

minute. 

1.5 

1.2 1.0 

1.0 

3.0 
3.7 
4.0 3.0 

8.1 

a  After  turret.  Guns  not  trained  on  target;  fired  for  rapidity  only.  Average  time  from  command 
"Load." 

i'  Forward  turret.  Using  one  gun  only,  and  starting  with  the  gun  empty  and  breech  closed,  just  as  it 
would  be  after  having  fired  a  shot,  the  ammunition  being  supplied  under  strictly  service  conditions, 

rounds  were  fired  at  a  target  at  a  distance  of  1,800  yards  m  1-13  seconds.  This  gives  an  average  of 
forty-eight  second-  per  round,  and  excellent  as  is  the  result  it  is  only  fair  to  add  that  it  included  delays 
amounting  in  the  aggregate  to  no  less  than  forty-six  seconds.  These  delays  were  due  in  the  first  place  to 

draulic  rammer-  being  locked,  a  circumstance  which  was  not  noticed  until  after  the  trials  had 
commenced;  and  in  the  second  place  to  the  fact  that  the  Captain  of  the  turret  temporarily  lost  light 
of  the  target,  owing  to  the  approaching  darkness  i  the  hour  of  the  trials  wa-  about  4.48  p.  DA.,  January 
20.  Ifthe)o-t  period  be  eliminated  it  will  he  seen  that  the  total  time  of  loading  and  firing  three 
rounds  was  only   ninety  -e\  <n  seconds,   Of  an  average  of  12.13   seconds   pet   round.     The  first  shot 
lifted  the  target  oat  oi  the  r  ater.  The  leoond  nras  from  10  to  20  yards  over,  the  third  10  to  the  left 

and  20  over  'i  in-  target  was  composed  of  three  amaU  buoys  with  red  flags  on  the  staves.  Hitherto, 
one  aimed  round  per  minute  has  been  considered  m  an  excellent  result  from  s  12  inch  gun. 

ins  lin-d  alternately;  both  guns  empty  at  Start 
rrice  condition-.    Prom  data  given,  saramed  to  be  from  one  gun  tired  as  rapidlj  as  possible. 

i  bred  easily  three  round-  per  minute, 
f Fired  at  VU  <  perimental  range.    Gun  loaded  at  commencement  <'i  time  limit,    stationary 

platform  for  mount.    The  iai<-  of  Ore  of  this  gun  Is  said  i"  i>«-  much  accelerated  bj  theoonvenli 
'         kdlng  tray  fitted  to  the  gun     (Bee  plates  undec  "Guns and  motuiti"). 



154 

The  following  tables  note  some  velocities  and  pressures  of  recent 
date: 

Gun. Weight. Charge. 
Projec- 

tile. 
Muzzle 

veloc- 

ity. Presstire. 
Energy. 

Energy 

per 

pound powder. 

Powder. 

6-inch  a . . 

6-inch  b . . 

6-inch  c . . 

Tons. 

7 

7 

7 

15 

Lbs. 

34 

34 

29.6 

80 

Lbs. 
105 

100 

100 
200 

Foot- 

seconds. 

2,844 

2,922 

2,922 
2,903 

Tons  per 

sq.  in. 17.9 

17.2 

Foot-tons. 

5,890 

5,923 
5, 923 

11, 700 

Tons. 

173 

174 200 

146 

Rottweil  nitrocellulose. 

Do. 

Cordite 

7.5-inch  d 
15.9 

Rottweil  nitrocellulose. 

a  6-inch,  45-caliber.    Capacity  powder  chamber,  1,560  cubic  inches. 
bSame.  Diameter  cartridge,  6.5  inches;  length,  31.2  inches;  cubic  contents,  1,033  oubic  inches; 

size  of  gun  chamber,  1,560  cubic  inches. 

c  6-inch,  45-caliber.  Diameter  of  cartridge,  6.3  inches;  length,  22.5  inches;  cubic  contents,  701  cubic 

inches;  size  gun  chamber,  1,820  cubic  inches.  Compare  (&)  and  (<•).  Difference  offset  by  erosion  of 
cordite. 

tf  Vickers'  7.5-inch,  50-caliber. 

MOVABLE   PLATFORM  FOR  TRAINING  GUN  POINTERS  FOR  THE   SWEDISH  NAVY. 

This  platform  is  arranged  in  such  manner  that  sea  practice  may  be 
held  anywhere  without  having  recourse  to  a  seagoing  vessel. 
When  the  training  gear  of  the  gun  itself  is  employed,  the  dimensions 

of  the  platform  and  balance  contrivance  depend  entirely  on  the  nature 
of  the  gun  to  be  used  for  the  object  in  question. 

The  platform  described  was  designed  for  a  5.7-centimeter  (2.25- 
inch)  R.  F.  gun  with  aiming  rifle  fitted  thereto,  with  the  gun  crew  in 

their  usual  places — that  is  to  say,  one  in  the  rear  and  one  on  each  side 
of  the  gun,  besides  a  warrant  officer  on  the  left  side  of  the  gun. 
To  the  floor,  or  deck,  is  screwed  a  cone  on  which  the  movable 

platform  rests  in  a  balance  contrivance  which  permits  it  to  move  in 
the  directions  which  correspond  to  the  rolling  and  pitching  of  a  ship. 
These  two  movements  are  effected  by  one  or  the  other  side  of  the 
platform  being  alternately  raised  and  lowered  by  two  levers  placed 
under  the  same,  which  turn  around  a  pin  fastened  in  the  floor,  and 
which,  through  links  and  crank  shafts,  are  connected  with  the  platform 
as  well  as  with  each  of  its  cogwheels,  which  belong  to  the  stand  set 
up  on  the  platform,  the  rotation  of  the  stand  being  effected  by  the 
turning  of  a  wheel  which  is  common  to  both  cogwheels.  Each  of  the 
aforesaid  crank  shafts  is  secured  to  the  cogwheel  by  means  of  a  screw 
movable  from  the  center  of  the  wheel  and  outward,  whereby  it  becomes 

possible  to  increase  or  decrease  the  degree  of  rolling  and  pitching,  as 
also  to  stop  either  motion  entirely  whenever  desired. 

One  can  thus  produce  either  rolling  or  pitching  alone,  or  both  move- 
ments simultaneously,  up  to  7  or  8  degrees,  which  is  probably  more 

than  would  be  required.  Moreover,  as  the  rolling  movements  of  the 
platform,  which  are  the  result  of  the  direction  of  the  eccentricity 
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which  produces  the  same,  are  somewhat  more  rapid  after  the  horizon- 
tal position  is  passed,  the  motions  of  the  platform  are  as  nearly  like 

those  of  the  deck  of  a  rolling  ship  as  could  be  desired. 

In  order  to  illustrate  the  relation  of  the  line  of  sight  to  the  target 

when  the  latter  is  moving  and  when  the  ship  from  which  the  firing- 
takes  place  is  under  way,  the  target  is  adapted  to  move  laterally  at  an}r 
desired  speed.  One  may  also  illustrate  with  the  movable  platform  the 

conditions  which  arise  when  the  ship,  owing  to  a  seawa}T,  rises  and 
falls,  by  making  the  course  over  which  the  target  moves  undulating. 

If  it  is  desired  to  illustrate  still  more  graphically  the  yawing  or 

running  of  the  ship,  the  platform  described  can  be  supplemented  by  a 

yawing  contrivances,  which  require  some  modifications.  The  bal- 
ance device  is  removed  from  the  cone  screwed  to  the  floor  and  secured 

to  a  pivot  which  is  movable,  in  the  cone,  by  means  of  ball  bearings. 

According  to  the  degree  of  rotation  which  it  is  desired  to  give  to  the 

platform — i.  e.,  the  yawing  movement  which  it  is  desired  to  produce — 
without  affecting  the  rolling  and  pitching  motions  except  in  a  very 

slight  degree,  the  aforesaid  pivot  is  raised  and  with  it  the  platform, 

besides  which  the  links  connecting  it  with  the  levers  are  lengthened. 

A  link  35  centimeters  (13.78  inches)  long  admits  of  an  angle  of  rota- 
tion of  9.5  degrees,  while  the  inclination  given  the  platform  as  the 

result  of  the  rotation  does  not  exceed  1  degree  at  the  extreme  edge 

where  it  is  greatest.  The  y awing  motion  is  effected  by  the  movement 

of  a  wheel  belonging  to  the  smaller  stand  and  which,  bj^  means  of 
gearing,  drives  an  eccentric  disk,  whereby  a  forward  and  backward 

movement  is  imparted  to  an  arm  secured  to  the  pivot  upon  which  the 

platform  rests. 

When  the  yawing  contrivance  is  used,  or  when  the  platform  Is  set 

up  on  hoard  a  training  ship  which  can  be  given  a  yawing  motion,  it  is 

not  necessary  to  have  the  target  move  sideways  in  order  to  illustrate 

the  yawing  or  running  of  the  ship.  Nor  is  this  necessary  when  the 

target  is  within  the  proper  distance  for  subcaliber  practice,  namely, 

about  15  meters  (19  feet),  unless  the  target  can  be  placed  far  enough 
from  the  gun  to  make  it  practicable  to  use  the  ammunition  of  the 

aiming  rifle,  whereby  target  practice  at  a  distance  within  the  range  of 

the  aiming  rifle  becomes  possible. 

The  wheel  belonging  to  the  larger  stand  can  be  easily  turned  by  one 
mini,  and  the  rapidity  with  which  it  is  turned  must  be  such  as  to  give 

the  platform  a  rolling  motion  corresponding  to  the  lolling  periods  of 

the  vessel  from  which  the  tiring  is  supposed  to  be  done.      The  platform 
&hould  not  he  used  unless  the  requisite  number  of  men  are  in  their 
proper  positions  thereon,  as  heretofore  indicated,  in  order  that  the 

wheel  may  be  turned  evenly  and  with  the  Least  possible  wear  and  tear 
to  the  material. 
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GUN  TRIALS  OF  H.  M.  S.  FORMIDABLE. 

The  new  first-class  battleship  Formidable  carried  out  her  gun  trials 
at  Portsmouth.  Five  rounds  were  fired  from  the  two  12-inch  guns  in 
the  fore  turret  and  seven  were  fired  from  the  after  turret.  Six  of 

these  rounds  were  fired  in  salvos  of  two  each  in  144  seconds,  starting 

with  loaded  guns.  The  machinery,  all  of  which  was  designed  and  sup- 
plied by  Sir  W.  G.  Armstrong,  Whitworth  &  Co.,  of  Elswick,  worked 

without  a  hitch  throughout  the  trials.  As  far  as  the  hydraulic 

machinery  for  working  the  12-inch  guns  is  concerned,  the  Formidable 
is  the  first  of  a  class  which  includes  the  Implacable,  London,  Bulwark, 
Duncan,  Cornwallis,  Russell,  and  Queen,  and  therefore  the  trials  which 

took  place  were  of  much  importance.  The  last  two  ships  to  be  com- 
pleted were  the  Albion  and  the  Glory,  and  they  stand  alone  in  the 

design  of  their  hydraulic  gun  machinery. 
Besides  having  an  improved  design  of  machinery,  the  Formidable 

carries  12-inch  guns  of  greater  power  than  her  predecessors,  for, 
though  the  projectile  is  of  the  same  weight,  it  is  given  a  higher 
velocity,  which  is  due  to  a  larger  cordite  charge.  In  the  Glory  and 
Albion  the  ammunition  was  brought  from  the  magazine  through  along 
trunk  direct  to  the  breech  of  the  guns  but,  in  the  Formidable  a  beak 
or  projection  is  made  at  what  is  known  as  the  working  chamber. 
This  chamber  is  under  and  attached  to  the  turntable,  and  the  object 
of  landing  the  ammunition  there  on  its  way  to  the  guns  is  to  make  the 
final  hoist  as  short  and  therefore  as  quick  as  possible.  The  supply 

of  ammunition  from  the  shell  room  and  cordite  magazine  to  the  work- 
ing chamber  thus  goes  on  independently  of  the  firing  of  the  guns,  aad 

there  is  therefore  always  a  charge,  or  even  two  charges,  ready  for 
each  gun.  The  moment  a  gun  is  fired  it  is  run  out  after  a  recoil  of  33 
inches  and  put  into  the  loading  position,  which  is  at  4£  degrees  of 

elevation.  The  loading  angle  for  12-inch  or  larger  guns  has  pre- 
viously been  13£  degrees.  At  the  same  time  as  the  gun  is  run  out  the 

breech  is  opened  by  hand,  and  then,  b}T  the  movement  of  a  lever,  the 
850-pound  shot  and  the  cordite  charge  are  made  to  rise  up  from  the 
working  chamber  to  the  gun.  Another  lever  causes  the  chain  ram- 

mer, which  is  a  further  new  departure,  to  ram  home  first  the  shot  and 
then  the  charge.  The  empty  ammunition  cage  then  disappears  again 
into  the  working  chamber,  the  breech  is  closed  by  hand,  and  at  the 
same  time  the  gun  is  elevated  again  as  desired. 

THE  BULWARK'S  GUN  TRIALS. 

The  principal  trials  were  those  of  the  12-inch  (50  ton)  breech-loading 
guns.  These  guns,  of  which  the  vessel  carries  four,  two  in  (Mich  tur- 

ret, are  of  the  newest  type,  known  as  the  Mark  IX.  and  for  this  rea- 
son special  interest  is  centered  in  the  trials.  Six  rounds  were  fired 

from  the  fore  turret  at  various  degrees  of  elevation  and  at  bearings 
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ranging  from  right  abeam  to  right  ahead,  the  right  and  left  guns  of 
the  turret  being  fired  alternately  for  the  first  four  rounds,  while  the 
last  two  rounds  were  fired  by  both  guns  simultaneously.  The  first  two 
rounds  were  fired  with  charges  of  cordite,  each  weighing  158  pounds, 
and  the  remaining  rounds  with  the  usual  full  charge  of  211  pounds  of 
cordite,  the  projectile  in  each  case  weighing  850  pounds.  Some  of  the 

tests  wTere  of  an  exceptionally  severe  character,  and  especially  one  with 
a  full  charge,  when  the  gun  was  fired  at  no  less  than  4  degrees  of  eleva- 

tion. With  the  gun  in  this  position  the  shock  of  the  discharge  is  calcu- 
lated to  disclose  any  weakness  in  the  construction  of  the  vessel  or  any 

defect  in  the  turret  or  its  surrounding  fittings.  The  after  turret  was 

then  subjected  to  similar  trials,  and  then  in  turn  the  quick-firing  and 
machine  guns  and  the  torpedo  armament  were  tested.  Before  the 

Bulwark's  return  to  harbor  a  careful  survey  was  made,  and,  contrary 
to  former  experience,  not  a  single  stanchion  or  frame  was  found  to  be 
in  the  slightest  way  crippled;  the  only  damage  done  was  the  breaking 
of  a  few  panes  of  glass  in  the  cabins  immediately  under  the  after  turret. 

GUN  TRIALS  ON  H.  M.  S.   "IRRESISTIBLE." 

[From  The  Times,  October,  1901.] 

The  gun  trials  of  the  Irresistible,  battleship,  which  took  place  at 
Portsmouth,  have  been  looked  forward  to  with  considerable  interest 
in  naval  circles,  as  this  is  the  first  ship  in  the  service  fitted  with  the 

new  type  of  Vickers's  mounting,  by  means  of  which  heavy  guns  can  be 
loaded  in  all  firing  positions,  whether  of  training  or  elevation.  The 

Irresistible  is  a  first-class  armored  battleship  of  15,000  tons  displace- 
ment, with  propelling  machinery  of  15,000  I.  H.  P.,  and  has  recently 

concluded  her  steam  trials  in  the  North  Sea.  She  was  built  at  Chatham, 
and  her  main  armament  consists  of  four  12-inch  Vickers  Mark  IX 

guns,  mounted  in  pairs  forward  and  aft  in  armored  redoubts.  The 
revolving  platform  carrying  the  guns  is  protected  by  an  armored  steel 
hood  8  inches  thick,  but  sloped  to  such  an  angle  as  to  give  the  same 
protection  as  would  be  secured  by  armor  of  twice  this  thickness. 

Bach  12-inch  gun  weighs  slightly  over  50  tons,  and  fires  a  projectile  of 
850  pounds  with  a  cordite  charge  of  203  pounds,  giving  a  muzzle 

velocity  of  2,600  feet  per  second.  The  muzzle  energy  of  the  pro- 
jectile is  4,028  foot-tons. 

The  guns  arc  mounted  independently  in  pairs  on  a  revolving  plat- 
form, and  can  be  manipulated  by  both  hand  and  hydraulic  power  gear. 

Tlic  chief  innovation  in  this  gear  is  the  introduction  of  a  new  feature 
of  ;t  comparatively  simple  nature  which  enables  the  gun  to  he  loaded 
;tt  ;m\   angle  of  elevation,  thus  obviating  the  necessity  Of  bringing  the 
gun  to  a  fixed  position  for  loading  between  the  rounds,  while  in 
accordance  with  (he  now  universal  practice  in  all  new  ships  the  guns 

<un  be  loaded  in  all  positions  of  training.    The  adoption  of  the  method 
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of  loading-  at  any  angle  of  elevation  therefore  completes  the  improve- 
ment which  was  begun  when  the  fixed  horizontal  position  for  loading- 

was  abolished,  so  that  now  guns  can  be  loaded  in  any  firing  position, 

thus  avoiding  not  only  the  loss  of  time  involved  in  bringing  the  weapon 

to  and  from  a  fixed  position  of  elevation,  but  what  is  of  very  great 
importance  the  gunner  is  enabled  to  keep  his  sights  constantly  on  the 

object  he  is  aiming  at.  Thus  the  means  are  furnished  both  of  rapid 
fire  and  accurate  aim. 

The  redoubts  of  the  Irresistible^  which  are  circular,  are  protected 

by  12-inch  armor.  The  turntables  revolve  on  a  live-roller  ring  car- 
ried on  a  ring  bulkhead,  supported  independently  of  the  redoubt 

structure,  so  that  considerable  distortion  of  the  latter  will  not  affect 

the  working  of  the  guns.  A  working  chamber  is  attached  to  the 
underside  of  the  turntable  and  revolves  with  it.  From  this  chamber 

a  trunk  descends  to  the  shell  rooms  and  magazines  and  serves  for  the 

passage  of  the  ammunition  from  the  latter  to  the  chamber,  where  it  is 

transferred  automatically  from  cages  in  the  trunk  to  cages  working 

between  the  base  of  the  chamber  and  the  gun  platform.  These  cages 

are  so  arranged  that  the  projectile  is  always  in  line  with  the  bore  of 

the  gun  when  it  is  raised  sufficiently  to  abut  against  stops  carried  on 

the  oscillating  part  of  the  gun  mounting.  The  projectile  can  then  be 

rammed  home  by  a  chain  rammer,  which  is  also  carried  on  the  gun 

mounting.  This  rammer,  being  flexible  in  one  direction  and  rigid  in 

the  other,  can  not  consequently  buckle  up  when  being  extended.  It 

is  operated  by  the  revolving  of  a  sprocket  wheel,  to  which  it  is  geared, 

the  tail  end  of  the  chain  being  supported  conveniently  in  a  casing  car- 
ried below  the  gun  slide.  The  rammer  is  provided  with  a  safety 

apparatus  so  arranged  that  it  can  not  be  worked  until  the  cage  is  in 

the  loading  position,  while  the  latter  can  not  be  lowered  until  the 

rammer  has  been  withdrawn.  For  hand  loading  the  rammer  head  can 

be  lowered  in  rear  of  the  bore  of  the  gun,  and  the  projectile,  which  is 

carried  on  the  telescope  bogie,  can,  after  being  pushed  forward  on  it,  be 
rammed  home  by  an  ordinary  rammer  stave. 

The  trials  were  carried  out  under  the  supervision  of  the  experi- 
mental staff  of  the  Excellent.  The  usual  number  of  rounds  was  fired 

from  the  forward  turret  with  practice  and  service  charges,  and  dia- 
grams of  pressure  and  velocity  were  taken  from  the  recoil  cylinders 

of  both  guns.  These  were  in  accordance  with  the  design,  the  recoil 

being  practically  33  inches  with  the  full  service  charges.  In  the  after 
turret  an  elaborate  programme  of  speed  firing  was  carried  out  to  test 

fully  not  only  the  new  method  of  loading  the  guns  at  all  tiring  angles. 
but  the  accuracy  of  fire  obtainable  under  the  new  conditions.  For 

this  purpose  a  small  target  was  launched  overboard,  and  with  the  ship 

steaming  at  a  distance  of  about  1,200  yards  tire  was  opened  with  both 

guns,  each  of  which  fired  5  rounds  alternately.    The  result  was  satisfac- 
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tory,  as  every  shot  would  have  hit  the  side  of  a  ship  in  the  vital  parts, 

while  the  10  rounds  were  fired  in  four  minutes  and  forty-six  seconds. 

The  crew  had  only  had  three  days'  practice  with  a  type  of  machinery 
that  was  new  to  them,  and  it  may  therefore  be  reasonably  assumed 
that  even  better  results  will  be  obtained  with  a  practiced  crew.  After 

the  trials  the  mountings  were  carefully  examined  and  were  found  to 

be  in  good  order,  no  hitches  of  an}^  kind  having  occurred. 

UUN  TRIALS  OF  H.  M.  S.  VENGEANCE. 

The  new  first-class  battleship  Vengeance  carried  out  her  gun-mount- 

ing trials  at  Portsmouth  last  October  after  several  daily  postpone- 
ments in  consequence  of  the  fog.  The  Vengeance  is  the  first  battleship 

built  b}r  Messrs.  Vickers,  Sons  &  Maxim,  and  is  also  the  only  ship  in 

the  British  nav}r  which  has  been  built,  engined,  armored,  and  supplied 
with  her  heavy  gun  mountings  by  one  firm.  She  was  ordered  twelve 
months  later  than  her  five  sister  vessels,  the  Canopies,  Goliath,  Ocean, 

AWlon,  and  Glory.  The  chief  difference,  however,  between  the  Ven- 

geance and  her  predecessors  of  the  Oanopus  class  is  the  type  of  heav}^ 

gun  mounting  b}r  means  of  which  the  12-inch  guns  can  be  loaded  at 
all  firing  positions,  whether  of  training  or  elevation.  The  Vengeance 
is  also  the  last  ship  to  be  supplied  with  the  Mark  VIII  Woolwich  guns 

of  46  tons  and  36  calibers  in  length,  which,  though  not  so  powerful  as 

the  Vickers  Mark  IX  of  40  calibers,  is  still  a  formidable  weapon,  as  it 

fires  a  projectile  of  850  pounds  in  weight  with  a  muzzle  velocity  of 

2,367  foot-seconds  and  a  muzzle  energy  of  33,000  foot-tons.  A  com- 
plete broadside  from  the  Vengeance  would  bring  into  action  four 

12-inch,  six  6-inch,  six  12-pounder,  and  six  Maxim  guns.  These  22 
guns  would  fire  at  one  time  11,000  pounds  of  metal  with  a  collective 

energy  at  the  muzzle  of  over  600,000  foot-tons.  An  important  advan- 
tage afforded  by  the  new  mounting  is  that,  while  the  gun  can  be  kept 

sighted  on  the  object  aimed  at,  the  gear  is  simplified  rather  than  com- 
plicated, as  there  are  no  locking  bolts  nor  apparatus  for  working  them. 

All  the  loading  operations  are  carried  out  by  hydraulic  power,  but 

simple  fittings  have  been  provided  for  the  use  of  hand  power  as  an 
alternative.  In  the  forward  turret  3  rounds  were  fired  from  each 

gun  with  practice  and  service  charges  from  L0  degrees  before  to  10 

degrees  abaft  the  beam.  The  last  two  rounds  were  fired  simultane- 

ously, one  gun  being  at  the  maximum  depression  and  the  other  at  the 
maximum  elevation,  but  no  damage  was  sustained  beyond  the  break- 

ing  «>f  a   few   glass   littings.      In  the  after  turret   4   rounds  were  fired 
from  each  gun  to  ascertain  the  maximum  rate  of  fire  obtainable  with 

the  type  of  loading  gear,  but  the  conditions  of  firing  were  a  slight 
modification  of  those  observed  in  the  Irresistible*  The  results  were 

irded  as  highly  satisfactory,  as  it  was  shown  that  with  a  trained 

crew  and  the  machinery  operated  under  ordinary  working  conditions 
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a  rate  of  2  rounds  a  minute  could  be  maintained  for  a  prolonged 

period. 
Before  the  testing  of  the  heavy  gun  mountings  all  the  small  weapons 

were  subjected  to  the  trials,  with  satisfactory  results. 

H.  M.  S.  ABOUKIK. 

In  the  trials  of  the  Aboukir's  9.2-inch  guns,  5  rounds  were  fired  from 
one  gun  in  eighty-five  seconds.  Weight  of  projectile,  380  pounds; 
weight  of  cordite  charge,  52  pounds.  The  firing  commenced  with  the 
gun  empty  and  the  breech  closed. 



Section  V. 

EXPLOSIVES. 

CORDITE  IN  THE  BRITISH  NAVY. 

In  the  spring  of  1900  the  war  office  and  the  Admiralty  agreed  to 
appoint  a  committee  for  the  purpose  of  examining  the  whole  question 
of  service  explosives  with  a  view  to  remedying,  if  possible,  some  of 
their  admitted  defects.  Soon  after  the  commencement  of  the  Boer 

war  it  was  discovered  that  the  British  service  explosives — cordite  and 
lyddite — were  not  as  satisfactory  as  could  be  wished.  Cordite  was 
found  to  be  eroding  the  larger  field  guns  and  naval  guns,  while  lyd- 

dite proved  to  be  by  no  means  so  formidable  as  was  supposed  in  some 
quarters,  and  to  be  veiy  capricious  in  its  action.  With  a  view  to  still 
further  developing  the  power  of  the  new  service  ordnance  by  way  of 
improving  the  propelling  agent,  a  committee  was  appointed  to  carry 
out  trials  with  the  object  of  ascertaining  what  were  the  best  smokeless 
propellants  for  use  in  existing  guns  of  all  natures  and  in  existing  small 

arms.  The  committee  was  to  report  as  to  whether  or  not  any  modifi- 
cation in  the  existing  designs  of  guns  was  desirable,  with  a  view  to 

developing  to  the  full  the  power  of  any  propellant  which  might  be 

proposed. 
NEW   SMOKELESS   POWDER. 

One  of  the  first  acts  of  the  explosives  committee  was  to  draw  the 
attention  of  the  manufacturers  of  propellants  and  high  explosives  on 

the  borne  office  lists  to  the  work  it  was  proposed  to  carry  out.  A  let- 
ter was  sent  out  inviting  manufacturers  to  put  forward  for  trial  any 

propellants  or  high  explosives  which,  in  their  opinion,  gave  reasonable 
promise  of  proving  more  efficient  than  the  existing  service  article. 
All  trialsof  explosives  would  be  treated  as  confidential,  ami  the  manu- 

facturing departments  of  tbe  Royal  ordnance  factories  would  not  bave 
access  to  any  powders  which  might  be  put  forward  for  the  purpose  of 

i  iinent.  The  explosives  committee  1ms  now  been  at  work  for 

D101   I  than  a  year  and  a  half.       During  this  period  it   has  toted  :i   la 
number  of  explosive  compounds,  and  has  carried  out  many  ex  peri 
ments.    The  result  of  the  committee'*  deliberations  has  been  tint  d 

1800    02        11  K'1 
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new  service  propellant  has  been  evolved,  which  will  shortly  be  intro- 
duced into  both  services.  This  new  smokeless  powder  is  known  by 

the  name  of  "  Cordite  M.  D."  As  its  name  implies,  it  is  a  modified 
form  of  the  present  service  explosive,  and  it  is  believed  by  the  com- 

mittee to  be  a  powder  better  suited  for  guns  than  cordite  itself. 

"  Cordite  M.  D."  is  now  being  manufactured,  and  if  it  turns  out  to 
be  as  satisfactory  as  the  committee  anticipates  it  will  gradually  replace 

cordite  as  the  propelling  charge,  at  'any  rate  in  the  larger  field  pieces 
and  naval  guns.  "  Cordite  M.  D."  has  a  nitrocellulose  base.  Cordite 
(so  named  from  its  cord-like  appearance)  was  patented  in  1889  by  Sir 
Frederick  Abel  and  Professor  Dewar,  and  was  adopted  as  the  service 
propellant  in  1890.     Its  composition  is  as  follows: 

Per  cent. 

Nitroglycerin    58 
Trinitrocellulose,  with  a  small  proportion  of  soluble  gun  cotton    37 
Vaseline       5 

The  composition  of  "Cordite  M.  D."  is,  of  course,  an  official  secret, 
though  it  will  doubtless  be  found  impossible  to  prevent  the  ingre- 

dients and  their  exact  proportions  becoming  known.  Its  base,  as 
already  stated,  is  nitrocellulose,  and  it  is  believed  to  contain  a  certain 
percentage,  not  more  than  30,  of  nitroglycerin,  but  not  nearly  so  high 
a  percentage  as  cordite.  The  temperature  of  explosion  of  cordite  is 
practically  double  that  of  nitrocellulose  powder,  owing  to  the  large 
amount  of  nitroglycerin,  a  substance  which  on  explosion  generates  a 
high  degree  of  heat.  This  naturally  has  a  serious  effect  on  the  bore 
of  the  gun.  The  wear  of  the  bore  at  the  beginning  takes  the  form  of 
erosion  of  very  fine  lines,  which  develop  as  the  rounds  are  continued, 

complete^7  washing  away  the  surface,  and  enlarging  the  seat  in  the 
gun  where  the  shot  is  rammed  home.  The  pressure  is  diminished,  the 
energy  is  reduced,  the  velocity  is  lowered,  shooting  becomes  erratic, 
and  finally  the  gun  has  to  be  sent  away  to  be  fitted  with  a  new  inner 
tube.  Were  it  not  for  its  erosive  effects  cordite  would  be  the  best 

propellant  in  the  world.  It  is  cheap,  its  keeping  qualities  are  excel- 
lent, and  it  is  really  smokeless. 

The  effect  of  cordite  can  be  best  illustrated  by  the  careful  records 
which  are  kept  at  Woolwich  Arsenal  of  every  gun  in  the  navy  and 
army,  a  complete  biography  of  its  manufacture,  the  number  of  rounds 
fired,  the  effect  produced  on  the  weapon,  and  the  repairs  carried  out 

from  time  to  time.  As  an  instance  it  may  be  mentioned  that  a  12-inch 
50-ton  gun,  owing  to  the  deleterious  results  caused  by  cordite,  has  its 
life  at  an  end  after  about  100  rounds  have  been  fired.  Then  it  has  to 

have  the  inner  tube,  that  which  takes  the  rifling,  replaced. 
Official  notification  of  the  change  in  the  composition  of  cordite  has 

been  made  to  contractors  who  supply  the  Government  with  amniuni- 
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tion.  The  charges  with  the  improved  cordite  for  the  various  service 

weapons  will  be  as  follows:  4. 7-inch  quick-firing  gun,  5  pounds  7 
ounces;  12-pounder  quick-firing  gun,  1  pound  10  ounces;  6-pounder, 
7f  ounces;  3-pounder,  6f  ounces,  and  the  0.303  service  rifle,  30  grains. 

It  is  stated  that  "Cordite  M.  D.,?  is  not  satisfactory  to  the  British 
naval  authorities  and  has  not  been  generally  adopted  for  naval  guns, 

but  is  being  adapted  to  onl\T  one,  probably  the  6-inch.  The  full  advan- 
tages of  the  pure  nitrocellulose  powders  are  doubtlessly  recognized 

by  the  British  naval  authorities,  but  the  small  chambers  of  the  British 
guns,  already  in  service,  preclude  the  advantageous  employment  of 
powders  containing  no  nitroglycerin. 

EXPLOSIVES   OF   FOREIGN    POWERS. 

'Cordite  M.  D."  will  probably  be  found  dearer  and  bulkier  than 
cordite,  but  its  freedom  from  erosive  effects  will  make  it  the  more 

valuable  powder  of  the  two.  An  expert  recently  said:  "Nitrocellulose 
powder  has  the  great  advantage  of  being  capable  of  producing  in  mod- 

ern artillery  the  highest  possible  ballistics  with  the  least  possible 

amount  of  wear  to  the  gun."  This  accounts  for  the  fact  that  Russia, 
Fiance,  and  Germany  have  all  adopted  some  form  or  other  of  nitro- 

cellulose powder.  The  French  service  powder,  known  as  "Blanche 
Nouvelle"  or  "B.  N.,"  consists  of  nitrocellulose,  partry  gelatinized 
and  mixed  with  tannin,  barium,  and  potassium  nitrates.  Germany 
has  now  adopted  a  nitrocellulose  powder,  though  until  latery  she  used 
a  form  of  nitroglycerin  explosive. 

ITOT  HUN  COTTOK  AS  THfi  BURSTING  CHARGE  FOR  SHELL. 

Naval  and  military  authorities  have  for  years  past  been,  and  are 

still,  occupied  with  the  question  of  high  explosives  as  the  burst- 
ing charge  for  shell.  Wet  gun  cotton  is  known  to  be,  in  its  wet 

-title,  a  perfectly  safe,  uninflammable,  and  inert  explosive  in  the 
absence  of  a  detonating  force.  The  only  obstacle  to  its  general  use 

for  -hell  purposes  hitherto  has  been  the  circumstance  that  to  insure 
complete  detonation  a  primer  of  dry  gun  cotton  and  a  fulminate  of 
mercury  detonator  have  been  required,  and  both  of  these  agents  are 

sensitive  to  premature  ignition  by  friction  heat  or,  concussion  to 
permit  their  employment    under   the   conditions  of   shell  tiring  at  the 

enf  day,  owing  to  the  high    pressures  and  great   velocities  attained 
w  ith  modern  artillery. 

The  mean-,  t  berefore,  of  adapt  ing  |  he  WBi  gun  cotton  successfully  for 
general  shell  work  has  long  been  sought,  and  after  many  years  of  experi 
nient  and  research,  the  New    Explosives  Company,  of  London,  have 
placed  before  the  war  office  ;i  new  safety  exploder,  the  composition  of 
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which  contains  neither  dry  gun  cotton  nor  fulminate  of  mercury,  but 
which  will  detonate  wet  gun  cotton  with  certainty  under  the  safest  con- 

ditions. The  composition  itself  will  not  detonate  under  a  temperature 

of  360°  C. ,  and  can  not  be  ignited  by  friction  or  shock,  but  at  the  same 
time  is  brought  instantaneously  into  action  with  an  ordinary  detonating 
pellet  such  as  is  commonly  employed  in  all  percussion  or  time  fuses  of 

general  service  to-day.  The  force  then  exerted  will  detonate  in  its 
turn  any  charge  of  wet  gun  cotton,  without  leaving  any  traces  of 
unburnt  explosive  or  residue.  The  composition  is  very  stable  and 
stands  an  excellent  heat  test,  and  it  is  not  affected  by  any  climatic 

changes,  and  in  cost  of  manufacture  it  is  less  than  crun  cotton. 

The  main  bursting  charges  were  made  by  the  company's  new  method 
of  forming  and  compressing  wet  gun  cotton,  wherelr^  it  is  now  possi- 

ble to  produce  charges  of  compressed  gun  cotton  in  one  whole  solid 
block  of  any  dimensions,  mechanically  true,  and  of  theoretical  and 
uniform  density  throughout. 

With  the  old  method  of  work  certain  practical  difficulties  have  pre- 

vented the  direct  formation  of  c; shaped"  blocks  such  as  are  required 
to  form  the  bursting  charges  for  shell  and  for  torpedoes,  and  it  has 
hitherto  been  the  practice  to  build  up  such  a  charge  from  a  number  of 
disks,  and  to  reduce  them  to  the  required  shape  and  size  in  a  lathe. 

By  the  new  process  such  charges  can  be  formed  in  a  single  block  with- 
out any  subsequent  turning  or  other  shaping  being  necessary. 

There  is  no  space  wasted,  as  is  the  case  with  built-up  charges  through 
slightly  imperfect  contact  between  the  individual  blocks,  and  thus 
either  a  heavier  charge  (i.  e..  about  15  per  cent  more  gun  cotton)  can 
be  got  into  the  same  space,  or  less  space  will  be  occupied  by  a  charge 

of  given  weight.  The  following  experiments  by  Armstrong,  Whit- 
worth  &  Co.  were  made  on  April  8.  19<»l\ 

The  first  experiment  consisted  of  firing  ten  rounds  from  a  6-pounder 
quick-firing  gun.  The  total  weight  of  each  shell  as  tired  was  5  pounds 
10i  ounces,  the  weight  of  the  wet  gun  cotton  bursting  charge  being 

100  grams  and  that  of  the  explosive  in  the  safety  exploder  9  grams. 
The  shell  was  fitted  with  the  ordinary  Hotchkiss  fuse.  Mark  IV. 

The  target  was  a  three-fourths-inch  steel  plate  at  a  range  of  about 
150  feet.  In  the  rear  of  this  were  two  heavy  steel  coils,  forming  a 

cell  7  feet  long,  backed  b}T  a  12-inch  plate,  to  confine  the  fragments, 
which  were  afterwards  collected,  counted,  and  weighed.  The  pro- 
pellant  employed  was  ordinary  Government  cordite,  service  charge 
7f  ounces.  The  following  table  describes  the  fragmentation  of  the 
shell  and  the  chamber  pressures  and  muzzle  velocities  for  each  round: 
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a  Not  taken. 

The  second  experiment  was  the  bursting  of  a  6-inch  shell  at  rest. 
This  was  done  in  a  closed  cell  of  wrought  iron  7J  inches  thick  by  3 

feet  6  inches  in  diameter  by  5  feet  deep,  weighing  6-J-  tons,  from  which 
none  of  the  fragments  could  escape,  the  main  object  in  this  instance 

being  to  demonstrate  that  the  wet  gun-cotton  charge  and  safety 
exploder  would  act  equally  satisfactorily  without  the  assistance  of  the 

shock  of  impact  at  a  short  range,  and  detonate  as  instantaneously  and 

energetically  (1)  as  if  fired  from  a  gun,  and  (2)  in  large  as  well  as  in 

small  quantities.  The  force  of  the  explosion  burst  the  coil  open. 
There  were  no  traces  of  unconsumed  explosive.  The  fragments 

recovered  numbered  2,122  pieces,  the  largest  weighing  10J  ounces,  and 
the  total  65i  pounds. 

The  shell  was  an  ordinary  cast-steel  one,  weighing,  fully  loaded,  as 
tiled,  11 9 J  pounds. 

The  wet  gun-cotton  charge  weighed  6  pounds  9  ounces,  and  the 
explosive  composition  in  the  safety  exploder  300  grams.  The  fuse 

employed  was  of  the  ordinary  service  direct-acting  pattern,  and  was 
fired  electrically. 

Before  the  trials  commenced  it  was  convincingly  proved  that  the 

gun-cotton  charges  contained  the  usual  amount  of  moisture,  viz.  about 

lv  per  cent  of  water,  and  that  there  was  no  dry  gun  cotton  or  fulmi- 
nate of  mercury  en. ployed  in  the  composition  of  the  safety  exploder, 

And  in  view  of  the  very  excellent  results  obtained  it  seems  highly 

probable  that  gun-cotton  shell  charges  will  become  more  generally 

employed,  especially  in  armor  and  deck  piercing  projectiles.  With 

a  delay  action  fuse,  wet  gun  cotton,  with   tins  new  safety  exploder,  it 

is  claimed,  can  be  fired  through  the  thickest  armor  plate  that  the  shell 
itself  will  penetrate  without  exploding  until  it  has  passed  through. 

mi    »iv\i  i  \<  n  in    01   ci  \-<  <>i  ion  <  imcci  B. 

[From  Engineering.] 

The  Ne*  Explosives  Company,  Limited,  have  recently  Introduced 

anew  method  of  compi  in  cotton  for  charges  of  locomotive 



166 

torpedoes,  shells,  submarine  mines,  etc.  By  this  system  it  is  possible 

to  produce  charges  of  gun  cotton  mechanically  true  and  having  uni- 
form density  throughout  the  block.  The  density  depends  upon  the 

percentage  of  moisture,  the  amount  of  which  can  not  only  be  accurately 
determined,  but  is  uniformly  distributed  throughout  the  mass,  even  in 
blocks  of  largest  size.  In  this  way  the  charge  for  each  war  head  of  an 

18-inch  Whitehead  torpedo  can  be  compressed  in  one  block.  This  is 
a  new  departure,  as  hitherto  large  charges  have  been  built  up  of  smaller 
parts.  Up  to  the  present  the  practice  has  been  to  make  blocks  of  no 
greater  thickness  than  2  inches  or  of  greater  weight  than  8  or  9 

pounds. 
In  fig.  1  is  shown,  for  the  sake  of  comparison,  a  torpedo  charge  for 

an  18-inch  Whitehead  torpedo  opened  out.  This  will  illustrate  the 
method  of  assembling  gun-cotton  blocks  hitherto  practiced. 

Through  the  courtesy  of  the  New  Explosives  Company  was  recently 

had  an  opportunity  of  seeing  their  machinery  in  operation.  The  proc- 
ess of  manufacture  is  described.  It  may  be  said,  briefly,  that  the  new 

features  introduced  are,  first,  the  working  up  of  gun-cotton  pulp  in 
such  a  manner  that  air  is  completely  expelled  from  the  mass,  which  is 
worked  together  so  as  to  produce  a  strong  and  homogeneous  block; 

secondly,  large  masses  of  gun  cotton  can  be  compressed,  owing  to  cer- 
tain safety  devices  which  have  been  introduced  into  the  hydraulic 

machinery  and  which  will  be  presently  described. 
Fig.  2  gives  an  elevation,  partly  in  section,  of  the  apparatus  used  in 

the  first  process,  it  being  understood  that  the  gun-cotton  pulp  has  been 
already  prepared  in  the  usual  way.  When  it  is  afterwards  pressed  to 
form  the  charge,  if  air  is  not  removed,  the  cavities  in  which  it  rests 
are  naturally  made  smaller  by  pressure;  but  when  the  pressure  is 
removed  they  expand  again,  rendering  the  block  spongy  or  laminated. 
The  consequence  of  this  is  that  detonation  is  often  not  complete  when 

the  charge  is  fired.  To  get  over  this  difficulty,  the  gun-cotton  pulp  is 
introduced  into  a  vertical  cylindrical  vessel.  Descending  into  this  is  a 
vertical  shaft,  as  shown,  at  the  extremity  of  which  is  a  screw  similar 
to  a  marine  propeller.  There  are  also  certain  projections  which  are 
known  as  agitators.  The  latter  are  attached  to  a  sleeve  which  sur- 

rounds  the  vertical  shaft,  and  they  are  therefore  free  to  rotate  inde- 

pendently. The  motions  are  obtained  by  belts  and  pulleys  in  a  plan- 
ner clearly  shown  in  the  illustration.  In  addition  to  the  rotatory 

motion  of  the  propeller,  it  is  also  given  a  reciprocating  movement  by 
means  of  a  lever  situated  above  the  belts  on  the  pulleys.  The  lever  is 

caused  to  reciprocate  by  means  of  the  cam,  which  is  fixed  to  the 
revolving  shaft  that  actuates  it.  The  whole  of  these  three  motions 
are  obtained  b}^  means  of  friction  gear,  as  indicated  in  fig.  2.  The 

cylinder  containing  the  pulp  is  placed  on  a  table,  which  rises  and  falls 

as  ma}'  be  desired.     The  method  of  operation  is  as  follows:  Pulp  in  a 
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FIG.  1.  — BUILT-UP  CHARGE  FOR  WHITEHEAD  TORPEDO  (18-INCH). 





Fig.  2— PULP  DISTRIBUTOR. 
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very  liquid  state  is  admitted  into  the  perforated  cylinder,  and  the 
machine  is  set  to  work.  As  the  screw  revolves,  and  rises  and  falls  at 
the  same  time,  it  presses  and  beats  the  pulp.  Water  drains  away 
through  the  perforations  in  the  cylinders,  and  carries  air  with  it,  the 

action  being  very  similar  to  that  of  squeezing  a  sponge.  The  perfora- 
tions are,  of  course,  fine,  so  that  the  gun  cotton  does  not  pass  away 

with  the  water.  The  fibers  of  gun  cotton  by  this  process  are  uni- 
formly placed  into  position,  so  that  the  trydraulic  pressure  does  not 

exert  undue  pressure  upon  any  particular  part,  on  account  of  either 

air  or  uneven  masses  of  gun  cotton.  The  molded  gun-cotton  blocks 
vary  according  to  the  size  of  the  torpedo,  mine,  or  shell  to  be  manu- 

factured; it  is  therefore  necessary  for  the  cylinder  containing  the 
molded  charge  to  be  on  a  table  with  perpendicular  travel.  As  the 

charge  forms,  the  table  slowly  leaves  the  revolving  screw;  neverthe- 
less the  same  pressure  and  even  distribution  of  the  pulp  is  preserved 

throughout  its  entire  length.  When  forming  an  18-inch  Whitehead 
torpedo  a  molded  charge  of  about  9  feet  long  is  required.  Latterly 
there  have  been  some  alterations  in  the  form  of  the  cylinder,  which 

is  now  made  of  perforated  sheet-metal,  and  is  contained  in  an  outer 
cylindrical  casing.  The  water  flows  into  the  annular  space  between 
the  casing  and  the  cylinder  and  runs  over  at  the  top,  carrying  the  air 
with  it. 

Once  started,  the  operations  have  to  be  continuous.  Should  a  break 
occur  in  the  operations,  say  through  the  failure  of  a  belt,  or  from  any 
accident  of  that  nature,  and  the  working  were  started  again,  there 

would  be  a  plane  of  cleavage  in  the  gun-cotton  block.  This  would  be 
likely  to  cause  it  to  break  at  that  part.  In  the  event,  therefore,  of 
any  accident  happening,  and  the  machineiy  stopping,  the  pulp  has  to 
be  returned  to  the  factory  and  worked  up  again. 

The  new  press  by  which  these  large  charges  are  formed,  and  which 
is  illustrated  in  figs.  3  to  12,  is  described  in  the  following:  The  mass 
of  gun  cotton  is  placed  in  a  perforated  container,  which  is  shown  in 

longitudinal  section  in  fig.  9,  and  in  cross  section  in  fig.  10.  This  con- 
tainer is  carried  by  means  of  rings  in  an  outer  holder,  there  being 

between  the  two  a  space  into  which  water  underpressure  can  be  intro- 
duced through  a  pipe  (shown),  to  prevent  the  gun  cotton  entering  the 

perforations,  and  also  to  act  as  a  lubricant  when  the  mass  has  to  he 

forced  out  of  the  container  and  into  the  mold  or  die.  shown  in  figs.  7 

and  8,  in  which  if  is  finally  pressed   into  a  charge  for  torpedo  or  shell 

a-  ma)   he  required.    The  container,  with  the  gun  cotton  in  it,  is 
placed  on  a  cradle  or  Support,  which  is  fixed   at  an  angle  to  tin'  center 
lin<  of  the  press,  as  shown  in  tigs.  :i  and  4.     It  is  now  required  to 
transfer  the  mass  of  gun  cotton  from  the  container  to  the  mold  or  die 

<>f  the  press.     For  this  purpose  the  mold  is  mounted  on  a  carria 
which  in  turn  rests  <>n  a   swivelincr  device  and  ball  bearimrs.     The 
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latter  are  carried  in  a  block  movable  on  slides,  and  the  mold  can  thus 

be  turned  so  that  it  is  in  line  with  the  fixed  support  on  which  the 

container  is  placed.  This  is  the  position  shown  in  fig.  3.  The  con- 
tainer and  the  mold  being  coaxial,  a  hydraulic  ram,  situated  at  the 

back  of  the  container,  will  be  able  to  push  the  charge  from  the  latter 

into  the  mold.  The  latter  are  illustrated  in  figs.  7  and  8,  the  former 

being  a  longitudinal  section  and  the  latter  across  section  on  the  line  B. 

It  has  an  inner  lining,  divided  longitudinally  into  two  or  three  pieces. 

Outside  this  is  a  thicker  jacket,  which  is  also  divided  longitudinally, 

but  into  a  greater  number  of  parts;  and  beyond  this,  again,  is  the  *+*YL 
thicker  outer  casing,  which  is  wound  with  wire,  as  shown,  to  give  it 

additional  strength.  The  interior  surface  of  the  outer  casing  and  the 

adjacent  exterior  surface  of  the  jacket  are  conical,  so  that  when  the 

pieces  of  the  jacket  are  moved  endwise  the  p:eces  of  the  lining  are 

wedged  together  so  as  to  form  tight  joints.  There  are  perforations 

in  the  lining  and  jacket,  as  shown  in  figs.  7  and  8,  and  these  open  into 

passages  formed  as  annular  channels  between  the  jacket  and  the  outer 

casing.  These  are  provided  so  that  water  may  readily  escape  from 

the  charge  during  the  process  of  compression.  These  passages  are  all 

connected  together  by  lateral  openings,  shown  in  rig.  8.  These  open- 

ings in  turn  communicate  with  a  pipe  leading  into  a  tank,  the  arrange- 
ment being  such  that  if  the  charge  should  expand  when  pressure  is 

released,  water  will  flow  back  to  be  absorbed,  instead  of  air  being 
drawn  in. 

The  mass  of  gun  cotton  having  been  pushed  into  the  mold  by  the 

ram  at  the  back  of  the  container  support,  the  mold  is  turned  with  its 

carriage  so  as  to  be  in  line  with  the  two  rams  of  the  press,  there  being 

one  at  each  end,  as  shown  in  fig.  4.  The  end  of  the  jacket  and  lining 

are  slightly  projecting,  and  rest  against  the  head  of  the  ram  which  is 

at  the  end  of  the  press  at  which  the  charge  was  introduced — that  is, 

the  end  farthest  from  the  spectator  in  fig.  3 — while  the  end  of  the 
outer  casing  rests  against  an  annular  ring  carried  on  the  head  or  face 

plate  of  the  same  ram.  The  rani  at  the  opposite  end  is  caused  to 

advance,  and  the  other  ram  also  pushes  the  mold  toward  it.  the  carriage 

on  which  the  mold  is  supported  sliding  for  the  purpose.  This 

presses  the  mass  of  gun  cotton  in  the  mold  to  the  desired  extent.  The 

near  ram  (fig.  3)  is  then  withdrawn,  and  an  annular  head  is  attached. 

which  bears  only  against  the  end  of  the  casing.  The  ram  at  the 

narrow  end  of  the  wedges  has  an  annual  groove  upon  the  face  plate, 

which  enables  this  ram  to  exert  pressure  against  the  pressing  cylinder 

with  the  safety-head  ram  against  the  gun-cotton  charge  without  mov- 
ing the  wedges.  When  the  wedges  are  to  be  released  a  ring  is  put 

inside  this  annular  groove;  this  enables  a  longitudinal  displacement  of 

the  wedges  of  about  2  inches  to  be  effected,  when  all  is  Loose,  and 

the  face  plate  is   Hush  with  the    face  of   (In4   pressing   cylinder.     The 







169 

rams  are  now  withdrawn,  and  the  mold  is  again  swiveled  so  as  to  be 

in  the  same  position  as  when  the  charge  was  being  inserted — that  is, 
in  line  with  the  side  ram.  The  latter  then  comes  into  play  again  and 
pushes  the  charge  out  of  the  mold  onto  the  cradle  provided  for  the 
purpose,  and  shown  in  rig  4.  In  fig.  3  is  shown,  slung  in  the  hydraulic 

crane,  a  block  of  gun  cotton,  which  will  form  the  charge  for  a  White- 
head torpedo. 

We  must  now  make  reference  to  an  important  feature  in  the  press, 

which  contributes  very  largely  to  the  safety  of  the  process.  In  press- 
ing the  gun  cotton  in  a  cylinder  or  mold  there  is  a  chance  that  a  por- 
tion of  the  material  may  be  trapped  between  the  ram  head  and  the 

side  of  the  mold.  Being  subject  to  great  pressure,  it  might  become 

dry,  and  in  such  a  case  the  heat  from  friction  might  lead  to  an  explo- 
sion, which  would  doubtless  cause  great  damage  and  possibly  loss  of 

life.  To  meet  this  danger  the  ram  head  is  formed  as  in  figs.  11  and 
12,  which  are  a  sectional  view  and  an  outside  elevation.  There  is  a 
spiral  groove,  having  perforations  at  the  bottom.  Water  at  pressure 
passes  into  the  chamber  formed  in  the  head,  as  shown  in  fig.  11,  and 
is  forced  out  into  the  groove.  Water  also  passes  through  holes  in  the 
sides  of  the  end  disk  or  face  of  the  ram,  as  shown  in  fig.  12,  and 
there  are  other  apertures  through  which  water  is  forced  out  at  the 

face  itself,  as  shown  in  fig.  11.  The  high-pressure  water  in  the 
helical  groove  tends  to  prevent  particles  of  gun  cotton  from  getting 

between  the  sides  of  the  ram  head  and  the  walls  of  the  mold  or  cylin- 
ders; or,  if  any  should  get  past  the  outer  disk,  it  is  retained  in  the 

groove,  where  it  is  well  drenched  with  water,  and  thus  rendered  harm- 
less. The  water  also  acts  as  a  lubricant  for  the  ram.  The  holes  in 

the  face  likewise  keep  the  gun  cotton  wetted  and  prevent  pieces 
sticking  to  the  face  plate. 

There  are,  it  will  be  seen,  several  advantages  in  thus  forming  shell 
charges  or  torpedo  charges  in  one  block  on  this  process.  In  the  first 
place,  owing  to  the  expulsion  of  air  in  the  process  of  formation,  as 
already  described,  the  hydraulic  pressure  in  forming  the  charge  can 
be  considerably  less  than  in  the  old  method,  although  blocks  of  so 

much  greater  size  are  made.  No  space  is  wasted  as  with  built-up 
charges,  the  saving  in  this  respect  affording  about  15  per  cent  more 
gun  cotton  than  under  the  old  method.  A  strong  metallic  case  is  not 
needed,  as  the  charge  will  keep  together  of  itself.  An  envelope  of 
thin  waterproof  material  is  sufficient  for  the  purpose.  The  uniform 

density  of  charge  ecured  by  the  process  gives  more  complete  detona- 
tion of  the  entire  mass,  and  the  presence  of  a  uniform  amount  of  mois- 
ture adds  t<>  this  quality.  It  is  also  found  that  the  pn  >f  manufac- 
ture is  so  much  under  control  that  theoretical  density  may  be  obtained, 

and   any   required   amount    of    inoi-t  lire  can  he    left    in    t  he  chai 'ge  I  >\  61 
the  theoretical   maximum   corresponding   to  the  density.     Another 
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advantage  is  that  when  a  number  of  similar  charges  with  conoidal  or 
other  shaped  ends  have  to  be  made,  they  can  be  produced  exactly  in 
duplicate,  without  the  necessity  of  turning  the  charge  in  the  lathe. 
The  advantages  generally  in  this  respect  are  very  great. 

The  company  have  conducted  numerous  experiments  in  firing  gun 
cotton  built  up  in  disks  as  a  bursting  charge  for  shells,  and  in  other 
situations.  As  no  zinc  case  is  necessary  to  contain  the  charge,  it  can 
be  placed  naked  direct  into  the  cavity  of  the  shell.  This  enables  quite 
20  per  cent  more  gun  cotton  to  be  got  into  the  same  sized  cavity.  The 
block  also  is  so  shaped  that  it  forms  a  perfect  fit  to  the  shell  cavity, 
and  when  the  fuse  is  screwed  home  it  is  so  tightly  secured  that  neither 
the  shock  of  discharge  nor  the  centrifugal  action  set  up  by  the  shell 
in  flight  can  remove  it  or  disturb  its  position.  A  point  of  advantage 
in  regard  to  torpedoes  occurs  in  the  greater  stability  that  is  secured  by 
the  new  method.  If,  in  these  weapons,  anything  happens  to  alter  the 
determined  center  of  gravity,  the  accuracy  of  flight  and  aim  can  not 
be  relied  upon.  It  is  stated  that  the  method  of  charging  war  heads 

by  means  of  built-up  charges  frequently  destroys  their  efficiency. 
Although  a  charge  may  be  accurately  balanced  at  the  time  of  loading, 

the  play  that  takes  place  between  the  large  number  of  disks,  or  seg- 
ments, often  shifts  the  center  of  gravity.  This,  of  course,  does  not 

occur  with  a  solid  charge,  supposing  it  to  be  well  shaped  and  accu- 
rately fitted.  In  the  case  of  torpedoes  it  has  been  found  that  even 

more  than  20  per  cent  of  additional  gun  cotton  can  be  got  into  the  war 

head  when  a  solid  charge  is  used,  as  compared  to  the  built-up  charge. 

The  gun  cotton  used  for  these  charges  is  made  at  the  company's  works 
at  Stowmarket,  and  is  prepared  with  the  usual  materials  in  the  ordi- 

nary way.  It  may  be  stated  that  should  it  be  desirable  to  adopt  the 
new  form  of  solid  charges  the  old  stock  need  not  be  thrown  away,  as 
it  can  be  worked  up  and  pressed  again  by  the  new  process.  The  same 

s}Tstem  may  naturally  be  used  for  making  large  solid  blocks  of  gun 
cotton  for  submarine  mines  and  other  purposes  for  which  this  explosive 

is  employed  in  naval  and  military  operation  >. 
The  press  seen  in  operation  at  Stowmarket  will  take  blocks  of  30 

inches  in  diameter  up  to  3  feet  6  inches  long.  It  is  stated  also  that  in 
the  cost  of  manufacture  by  the  new  process  there  is  a  saving  of  quite 
25  per  cent.  Gun  cotton  has  been  compressed  in  this  way  to  as  high 
a  specific  gravity  as  1.523,  the  hitherto  technical  limit  being  1.4. 
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Section  VI. 

PROJECTILES. 

Recent  experiments  with  capped  armor-piercing  projectiles  again 
demonstrate  the  value  of  the  cap  as  an  aid  to  the  penetration  of  armor 

plates.  These  experiments  are  given  in  full  in  the  chapter  on  armor. 
Two  general  methods  of  securing  the  cap  have  been  used,  in  one 

the  cap  being  held  in  place  by  projections  on  the  point  of  the  shell, 
and  in  the  other  by  being  forced  into  a  groove  cut  into  the  shell.  The 

latter  method  is  that  used  in  securing  the  Johnson  cap,  used  in  the 

experiments  b}^  Vickers,  Sons  &  Maxim,  and  is  illustrated  in  the 
projectile  shown  in  the  account  of  tests  of  Beardsmore  plates.  This 

method  of  securing  the  cap  has  the  advantage  of  permitting  the  utili- 
zation of  shell  already  on  hand. 

The  value  of  lyddite  shell  upon  armor  is  shown  in  the  recent 

Belleisle  experiment,  and  is  recorded  under  that  head  in  the  chapter 
on  armor. 

A  shell  of  a  new  t}^pe  has  been  introduced  into  the  German  army 
and  is  stated  to  be  receiving  the  attention  of  the  British  war  office. 

By  the  introduction  of  a  cartridge  composed  of  amorphous  phosphorus 

into  the  ordinary  charge  of  smokeless  powder  a  thick,  white  smoke  is 

emitted  when  the  shell  bursts,  thus  showing  the  gunners,  even  at  the 

greatest  distance,  how  close  the  projectile  has  gone  to  the  enemy's 
bosition.  By  increasing  the  proportion  of  this  chemical,  an  operation 

which  does  not  lessen  the  bursting  effect,  it  is  possible  to  deposit  in 

front  of  the  enemy's  position  a  thick  bank  of  white  smoke  which  will 
obliterate  his  view  of  the  field.  Experiments  with  this  shell  are  said 

to  have  proven  highly  satisfactory. 

li  is  further  stated  that  the  Germans,  with  a  view  to  the  more  effi- 

cient control  of  (In-  fire  of  the  various  guns  on  board  ship,  are  experi- 
menting with  smoke-producing  compound  for  projectiles  of  the  main 

u  n '1  secondary  battery. 

Each  caliber  of  the  larger  guns  is  to  have  its  shell  contain,  in  addi- 

tion to  the  bursting  charge,  a  smoke-producing  compound  which  will 
produce  a  different  color  for  each  general  type  of  gun. 

1'ltKNS  FOK  OOPPEB   IIAMHM,   sill  lis. 

[From  The  Engineer.] 

The  following  are  the  e  ential  features  of  a  properly  fixed  band:  ( I ) 
It  must  be  pressed   «»  firmly  on  the  shell  that  c\  erj  portion  of  it  is  home 

i,  i 
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in  the  groove,  completely  filling  the  undercuts,  and  so  that  the  serrated 

projecting  vees  oil  the  shell,  arranged  to  prevent  the  ring  rotating 
without  the  projectile,  are  firmly  embedded  in  the  copper.  (2)  All  the 
portions  of  the  band  should  be  equally  compressed,  so  as  to  possess  the 

same  degree  of  densit}r.  (3)  While  the  band  must  be  pressed  on  with 
sufficient  power  to  fulfill  condition  (1),  the  shell  itself  must  not  be  upset 
enough  to  prevent  the  easy  insertion  of  the  screw  gauge  in  the  fuse 
seat  in  the  base  of  the  shell. 

The  usual  methods  of  forcing  the  bands  into  the  grooves  are  either 
the  use  of  a  pair  of  semicircular  dies  brought  together  by  a  hydraulic 
ram,  or  forcing  the  shell  through  a  conical  die.  The  former  method 
has  the  disadvantage  of  not  compressing  the  band  equally  throughout 
its  circumference,  while  the  latter  method  has  a  tendency  to  cause  the 
copper  to  flow  toward  the  rear  of  the  shell.  Another  objection  to  the 
use  of  the  conical  die  is  that  the  least  variation  in  the  thickness  of  the 

rough  copper  band  has  a  corresponding  effect  on  the  degree  of  tight- 
ness with  which  the  compressed  band  grips  the  shell. 

In  the  press  under  notice  the  makers  claim  that  the  above  disad- 
vantages are  conspicuous  by  their  absence,  and  as  this  type  of  press  is 

used  at  the  shell  factories,  Woolwich,  it  would  appear  that  the  process 
was  an  advance  in  the  right  direction. 

The  system  employed  is  that  commonly  known  as  "West's  patent 
system,"  in  which  a  quantity  of  rams  are  arranged  circumferentially 
on  a  bedplate  and  capable  of  traveling  toward  a  common  center,  and 

the  principle  of  the  shell-banding  presses  will  be  readily  understood 
from  the  photographs  and  drawings  shown.  Shells  from  4.7  inches 
to  12  inches  in  caliber  can  be  banded  in  this  press.  Fig.  3  is  a  plan, 

and  fig.  2  showTs  a  half  section  taken  through  the  center  of  one  of  the 
c}rlinders.  The  following  is  a  brief  description  of  this  size  of  press: 
A  is  a  strong  cast-iron  bedplate,  circular  in  form,  supporting  a  weld- 
less  rolled  nickel-steel  ring,  B,  9  inches  deep  and  8  inches  broad;  to 
the  inner  circumference  of  this  ring  are  fixed  eight  steel  cylinders,  C, 
15  inches  in  diameter,  with  S.  M.  steel  rams,  D,  guided  by  means  of 
a  smaller  ring,  E,  and  .carrying  on  their  ends  removable  die  blocks, 

curved  to  suit  the  periphery  of  the  copper  band.  Pressure  is  con- 
veyed to  the  cylinder  by  means  of  radial  pipes,  H,  communicating  with 

a  common  distributing  chamber,  K.  The  rams  are  all  single  acting  and 
their  return  is  effected  by  the  springs  shown,  one  of  which  is  placed  I 
under  each  ram. 

Pressure  is  supplied  by  means  of  a  two-throw  belt-driven  pump, 
working  up  to  4,500  pounds  per  square  inch  when  pressing  the  largest 
sized  bands,  but  in  some  cases  the  makers  supply  a  small  intensifier 

instead  of  the  pump,  so  as  to  utilize  existing  hydraulic-pressure  mains. 
The  weight  of  the  press  in  question  is  12  tons.  The  copper  rings  are, 
of  course,  turned  accurately  to  size  after  they  are  pressed  on. 
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FIG.    1.— SHELL  BANDING   MACHINE. 





Fig.  2— SECTION  OF  PRESS. 

Fig.  3— PLAN  OF  PRESS. 
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KRLPP  SAFETY  DETONATING  FUSE. 

This  invention  relates  to  projectiles  for  ordnance,  such  as  shells,  and 

is  designed  to  enable  this  class  of  projectile  to  be  transferred  from 

place  to  place,  handled,  and  fired  with  complete  immunity  from  danger. 

The  ordinary  shell,  the  bursting-  charge  of  which,  as  is  well  known, 
consists  of  some  high-power  explosive  which  is  only  detonated  with 
difficulty,  such  as  picric  acid,  gun  cotton,  dynamite,  or  the  like, 
requires  (in  order  to  insure  the  bursting  charge  being  detonated  with 

certainty)  a  violent  agitation  to  be  imparted  by  means  of  a  special 

igniting  charge.  For  this  purpose  mercuric  fulminate  is  most  gener- 
ally used,  but  as  this  compound  is  itself  very  easily  detonated  it  gives 

rise1  to  the  dangerous  possibility  of  its  becoming  ignited  by  the  shock 

caused  by  the  discharge  of  the  projectile  and  so  producing  the  burst- 
ing of  the  shell  in  the  barrel  of  the  gun. 

For  this  reason  shells  containing  an  igniting  charge  of  mercuric  ful- 
minate have  to  be  carried  about  and  handled  with  extreme  caution,  and 

even  with  the  most  careful  handling  accidents  can  not  be  avoided. 

On  this  account  various  attempts  have  already  been  made  to  provide 

shells  with  other  kinds  of  igniting  charges  in  place  of  mercuric  fulmi- 
nate; thus,  for  example,  it  has  been  proposed  to  employ  as  a  substitute 

for  the  mercuric  fulminate  a  charge  of  rapidly  burning  gunpowder 
inclosed  in  a  thick  but  brittle  tube  of  cast  steel  or  cast  iron  surrounded 

by  the  bursting  charge. 

Experiments  therewith  show,  however,  that  by  means  of  such  an 

igniting  charge  merely  a  simple  explosion  is  caused  which  only  breaks 

the  projectile  into  a  small  number  of  pieces,  but  does  not  detonate  the 

bursting  charge  and  therefore  does  not  fulfill  the  conditions  required 
of  such  shells. 

According  to  the  present  invention,  an  igniting  charge  of  gun- 
powder, or  a  mixture  of  materials  which  produce  in  combination  a 

similar  effect  to  gunpowder,  is  made  to  detonate  the  bursting  charge 

with  certainty  by  forming  the  igniting  charge  of  separate  portions 
inclosed  in  separate  chambers  placed  one  behind  another. 

In  the  accompanying  drawings  figure  1  shows  in  longitudinal  section 

one  example  of  ;i  -hell  fitted  according  to  this  invention  with  an  ignit- 

ing charge  in  two  parts.      Figure  2  is  ;i  second   example  of  the  inven- 
tion in  the  form  of  a  shell  shown  in  longitudinal  section  with  an  ignit 

Ing  charge  in  three  parts.      Figure  3  shows  a  shell  corresponding  to 

that  shown  at  figure  ̂ ,  hut  with  a  slight  modification  of  the  arrange 
nieni  of  the  Igniting  chamber 

In  all  three  figures  similar  parts  are  designated  by  the  same  refer 
ence  lettei 

Referring  to  figure  I  of  the  drawings  the  body  A  <>!'  the  projectile 
and  the  fu«e  l'».  which  i-  assumed  to  he  a  combination  fuse,  are  of  ordi 
nar\  construction.     Within  the  body  A  i>  placed  the  bur  imi"  cha 
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C,  consisting  of  picric  acid  or  the  like,  and  the  hollow  chamber  contain- 

ing- the  charge  is  closed  by  the  screw  plug  D.  This  latter  contains  a 
chamber  filled  with  the  igniting  charge  P1,  which  chamber  communi- 

cates with  the  interior  of  the  projectile  by  an  ignition  port  b,  and  on 

the  side  next  the  fuse  B  is  closed  by  a  screw  F,  provided  with  an  igni- 

tion port  a.  A  second  and  larger  igniting  charge  P2  is  inclosed  in  a 
thin,  brass  tube  G,  the  lid  of  which,  next  the  igniting  charge  P1,  is  pro- 

vided with  a  fire  hole,  said  tube  being  inclosed  in  a  central  recess  in 
the  bursting  charge  C. 
When  the  shot  is  fired,  the  combination  fuse  B,  whether  it  be  used 

as  a  time  or  percussion  fuse,  explodes  the  igniting  charge  P1,  either  at 
the  proper  time  for  which  the  fuse  is  set  or  upon  the  impact  of  the 

projectile,  as  the  case  may  be.  As  this  igniting  charge  P1  is  tightly 
inclosed  in  the  screw  plug  D,  it  explodes  with  great  violence,  and 
thereby  causes  the  immediate  explosion  of  the  second  igniting  charge 

P2.  The  explosion  of  this  latter,  being  itself  produced  by  a  violent 
explosion,  takes  place  with  increased  violence  and  thereby  imparts  a 
sufficient  exciting  effect  to  the  bursting  charge  to  insure  its  ready 
detonation. 

The  shell  illustrated  in  figure  2,  with  the  exception  of  its  size,  and  the 
fuse  B,  which  is  assumed  to  be  a  percussion  fuse,  differs  only  from  that 
illustrated  at  figure  1  in  being  provided  with  three  igniting  charges 

pi  p2  p3  }nstead  of  two.  The  charges  P1  and  P2  are  inclosed  in  cham- 
bers formed  by  screwing  two  tubular  cases  E1  and  E2  into  a  cylin- 
drical hollow  in  the  screw  plug  D.  The  third  igniting  charge  P3  is  con- 
tained in  a  capsule  H,  screwed  onto  the  pin  d  of  the  screw  plug  D  and 

projecting  into  a  central  hollow  in  the  bursting  charge  C.  The  ignit- 

ing charge  P1  communicates  with  the  fire  chamber  of  the  fuse  by  the 
ignition  port  a,  the  charge  P1  with  the  charge  P2  by  the  ignition  port 
b,  and  the  charge  P2  with  the  charge  P3  by  the  port  c. 

The  shell  illustrated  at  figure  3  only  differs  from  that  illustrated  at 

figure  2  in  that  the  capsule  E2  is  prolonged  downward  into  a  tube 
so  as  to  reach  down  into  the  charge  P3.  As  by  this  arrangement  the 
two  charges  P2  and  P3  are  concentric  with  one  another  and  with  the 
bursting  charge,  the  ignition  port  c  (shown  in  figure  2)  may  be 
omitted. 

The  method  of  operation  of  the  two  last-described  shells  corresponds 
to  that  of  the  shell  shown  at  figure  1. 

When  the  projectile  strikes,  the  fuse  B  first  explodes  the  charge  P1, 
and  the  charges  P2  and  P3  then  explode  in  succession  and  finally  cause 
the  detonation  of  the  bursting  charge  C. 

In  order  to  render  the  action  of  the  igniting  charges  in  all  three 
examples  of  shell  described  certain,  it  is  important  that  the  first 

charge  P1  be  tightly  inclosed  on  all  sides.  For  the  last  charge  this  i- 
not  absolutely  necessary.    For  example,  the  last  charge  (the  owe  inside 
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the  bursting  charge)  may  be  inclosed  in  a  paper  case.  The  capsule  H 

employed  in  the  forms  of  shell  shown  in  figures  2  and  3  is  of  no  impor- 
tance in  the  working  of  the  igniting  charge  and  is  only  for  the  purpose 

of  attaching  the  igniting  charge  to  the  screw  plug  and  keeping  all  the 
parts  together  as  a  whole  and  enabling  them  to  be  easily  inserted  in  the 

projectile. 
As  the  materials  (gunpowder  and  the  like)  employed  in  the  present 

case  as  igniting  charge  can  not  be  exploded  by  concussion,  as  is  the 
case  with  mercuric  fulminate,  it  is  obvious  that  shells  as  above  described 

may  be  carried  about,  handled,  and  fired  with  perfect  safety. 

KRUPP  SAFETI  DEVICE  FOR  COMPOUND  FUSES. 

This  device  is  arranged  to  lock  both  moving  parts  of  the  time  and 
percussion  arrangements  of  a  combination  fuse,  allowing  the  projectile 
to  be  carried  about  with  safety,  yet  allowing  the  safety  device  to  be 
removed  from  both  parts,  by  a  single  movement  of  the  hand,  when  it 
is  desired  to  put  the  fuse  into  action. 

This  end  is  attained  by  providing  the  compound  fuse  with  two  safet}^ 
pins,  connected  by  a  crosspiece,  one  of  said  pins  securing  the  priming 
bolt  of  the  time  fuse  and  the  other  the  moving  parts  of  the  percussion 
fuse. 

There  is  shown  at  figures  1  to  4  of  the  accompanying  drawings  a 
compound  fuse  of  the  usual  general  construction  and  fitted  with  the 
new  safety  device.  Figure  1  is  a  section  through  the  longitudinal  axis 

of  the  fuse.  Figure  2  is  a  cross  section  on  the  line  II— II  of  figure  1, 
looking  from  above  and  showing  the  powder  ring  displaced.  Figure 

8  is  a  cross  section  on  the  line  III — III  of  figure  1  looking  from  below. 
Figure  4  is  a  side  elevation  of  the  fuse.  Figure  5  shows  another 
example  of  the  safety  device. 
The  construction  and  mode  of  operation  of  the  compound  fuse, 

apart  from  the  safety  device,  are  of  the  ordinary  kind,  and  will  there- 
fore he  only  so  far  described  as  concerns  their  connection  with  the 

safety  device.  The  ignition  of  the  prepared  powder  in  the  fixed 
powder  ring  P  and  the  rotary  powder  ring  M  of  the  time  fuse  is 

started  at  tin-  moment  of  firing  by  the  priming  bolt  A,  which  )>v  vir- 
tue <>1  it-  inertia  overcomes  the  pressure  of  the  carrier  spring  Band 

still  linst  the  firing  pin  Q.     Simultaneously  with  the  moving  of 

tin-  priming  bolt  A  the  locking  ring  K  of  the  percussion  fuse  moves 
ward  and  slide-  over  the  priming  holt  C  against  the  resistance  of 

the  carrier  spring  I).  When  the  projectile  strikes,  the  priming  holt 
C,  which  till  now  has  been  prevented  from  moving  forward  onlj  hv 
the  spiral  spring  \\  darts  forward,  together  with  the  carrier  spring 
D  and  the  locking  wwj  E,  against  the  needle  Et,  and  directly  effect 

tin-  ignition  of  the  bursting  charge  of  the  projectile. 
I  he  safety  device  con  i  I    of  two  safety  pins  ( I  and  II,  and  a  i -i  ■ 
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piece  J  to  which  the  pins  are  riveted.  The  longitudinal  axes  of  these 
three  parts  lie  in  one  and  the  same  plane.  For  the  sake  of  brevity  the 
construction  formed  by  the  pins  and  the  cross  piece  will  be  hereinafter 

referred  to  as  the  ''compound  safet}T  pin." 
Pivoted  to  the  crosspiece  is  a  spring  ring  K,  which,  as  will  be  more 

particularly  described  hereafter,  serves  to  secure  the  compound  safety 
pin  in  position  when  applied  to  the  fuse,  and  also  provides  for  the  easy 
removal  of  the  compound  safety  pin  from  the  fuse. 

Within  the  fuse  itself  are  provided  two  passages  to  receive  the  pins 
G  and  H,  the  axes  of  these  passages  both  lying  in  one  plane,  passing 

through  the  axis  of  the  fuse  and  through  the  bridge  of  the  rotary  pow- 
der ring  M,  and  both  lying  at  right  angles  to  the  longitudinal  axis  of 

the  fuse.  The  passage  for  the  top  pin  G  passes  above  the  fuse  body 
N  into  the  screw  capL,  through  the  priming  bolt  A,  and  terminates  in 
the  portion  of  the  cap  diametrically  opposite  the  point  of  entrance. 
The  passage  for  the  bottom  pin  H  starts  in  the  bridge  of  the  rotary 
powder  ring  M,  passes  through  the  adjacent  part  of  the  fuse  body  N 
and  the  locking  ring  E,  and  terminates  in  the  portion  of  the  fuse  body 
diametrically  opposite  the  point  of  entrance. 

Screwed  into  the  screw  cap  L  is  a  screw  O,  the  point  of  which  pene- 
trates into  the  body  of  the  fuse  and  prevents  the  cap  from  revolving; 

the  head  of  this  screw  serves  as  a  fulcrum  for  the  spring  ring  K  of  the 
compound  safety  pin. 

The  condition  of  the  compound  fuse  while  being  carried  about  is 
shown  in  figs.  1  and  4.  The  pins  G  and  H  of  the  compound  safety 
pin  lie  in  their  passages  in  the  fuse,  and  the  crosspiece  J  lies  against 
the  outside, of  the  fuse.  The  spring  ring  K,  which  has  a  certain 
amount  of  lateral  play  (see  particularly  fig.  3),  surrounds  the  screw 

cap  L  and  grips  underneath  the  head  of  the  screw  O.  In  this  condi- 
tion of  the  compound  fuse  it  will  readily  be  seen  without  further 

explanation  that  the  priming  bolt  A,  the  locking  ring  E,  and  the 
powder  ring  M  are  all  secured,  and  the  path  of  the  priming  bolt  C  to 
the  needle  is  blocked.  The  compound  safety  pin  itself  is  also  secured 
in  position  with  regard  to  the  fuse  by  the  ring  K. 

To  put  the  fuse  in  action,  the  ring  K  is  laterally  pressed  together 
till  free  from  the  head  of  the  screw  O,  and  then  turned  over  into  the 

position  shown  in  dotted  lines  in  fig.  3.  By  grasping  the  ring  the 
compound  safety  pin  may  now  be  withdrawn  from  the  fuse.  The  fuse, 
after  the  proper  setting  of  the  powder  ring  has  been  effected,  is  now 
ready  for  the  discharge. 

The  hole  for  the  bottom  pin  H  is  preferably  bored  in  the  powder 

ring  M  when  this  latter  is  in  the  case-shot  position,  i.  e.,  the  position 
in  which  it  starts  the  ignition  of  the  bursting  charge  of  the  projectile, 
immediately  in  front  of  the  muzzle  of  the  gun.  The  advantage  of 

this  in  the  first  place  is,  that  the  projectile,  in  cases  where  case-shot 



Kiil  Pr  -iMi'dilNh  fu; 





177 

fire  is  indicated,  and  which  demand  instant  readiness  of  fire,  is  imme- 
diately ready  to  be  fired  the  moment  the  compound  safety  pin  is 

withdrawn. 

Secondly,  this  arrangement  of  the  passage  for  the  bottom  pin,  by 
reason  of  the  necessary  adjustment  of  the  powder  ring  M  for  the  long- 
range  fire,  causes  the  passages  in  the  powder  ring  and  the  bod}r  of  the 
fuse  to  become  displaced  with  respect  to  each  other  (fig.  2).  By  this 

means  the  chamber  in  the  fuse  body  containing  the  parts  of  the  per- 
cussion fuse  is  closed  externally,  thereby  preventing  the  entrance  of 

earth  or  water  into  the  interior  of  the  fuse  when  the  projectile  strikes, 
which  would  render  the  action  of  the  percussion  fuse  doubtful. 

The  pins  G  arid  H  may  obviously  be  made  in  some  cases  integral 
with  the  crosspiece  J.  An  example  of  this  kind  is  shown  at  fig.  5, 
according  to  which  the  pins  and  crosspiece  are  bent  up  out  of  wire. 
The  spring  ring  K  is  in  this  case  inserted  in  an  eye  bent  in  the  wire. 

KRIPP'S  IMPKOVEMEXT  IN  CARTRIDGE  CASES. 

This  improvement  is  designed  to  prevent  the  propelling*  gases  from 
entering  the  space  between  the  cartridge  case  and  the  cartridge 
chamber.  This  object  is  attained  by  making  the  driving  bands,  at 

least  one  of  them,  fit  into  an  enlargement  in  the  mouth  of  the  car- 
tridge case  itself. 

The  cartridge  A  is  formed  with  an  enlargement  so  that  a  rim  is 
formed  projecting  outwardly  beyond  the  remaining  outer  surface  of 
the  case.  The  rim  is  of  such  a  diameter  that  only  the  necessaiy  play 

i-  left  between  it  and  the  cartridge  chamber  D  in  the  barrel  of  the 
gun,  in  order  to  enable  the  cartridge  to  be  inserted.  The  driving  band 
C  of  the  projectile  B  is  provided  with  a  reduced  portion  c  fitted  into 

the  enlargement  a  of  the  case  by  pressure.  When  the  cartridge  is 

put  together  the  shoulder  c l  of  the  driving  band  limits  the  insertion 
of  tin-  projectile  into  the  case,  because  it  bears  against  the  outer  edge 
o.x  of  the  case. 

When  the  gun  is  fired,  the  propelling  gases,  before  the  projectile 
ins  to  move,  expand  first  the  part  of  the  case  below  the  base  of  the 

projectile  and  then  pursue  their  course  between  the  interior  wall  of 

the  <  ;,.<  and  the  part  of  the  projectile  below  the  driving  band  C.     The 
>\\  expand  this  portion  of  the  ease,  so  that  it  first  bears  gas 

i.  with  ii-  rounded  edge  <i "■  against  the  sides  of  the  cartridge 
chamber.     When  the  projectile  begins  to  move,  the  gases  then  bring 
the  outer  surface  of  the  enlarged  portion  a  of  the  case  into  contact 

\\iih  the  barrel.    This  contact  remains  permanent,  a-  numerous  exper 
lent*  have  proved,  throughout  the  remainder  of  the  movement  of  the 
projectile,  *o  that  the  entrance  of  the  gases  into  the  space  beta 
the  case  and  the  cartridge  chamber  is  prevented.     1>\    this  means  all 
'he  injurious  result*  of  thin  entrance  (fouling  of  the  cartridge  ohamber 

L800    "2        L2 
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and  the  breech  block,  loss  of  gas.  and  consequent  irregularities  in  the 
initial  velocity  of  the  projectile)  are  entirely  avoided. 

It  is  not  absolutely  necessary  that  the  driving  band  C  should  have 

a  shoulder  c l.  The  driving  band  may  equally  well  be  shaped  as  shown 
in  dotted  lines  in  fig.  2.  In  such  case,  however,  care  must  be  taken, 
when  putting  the  cartridge  together,  that  the  projectile  is  not  forced 

in  too  far.  If  required,  the  shoulder  a  l  may  be  dispensed  with  by 
making  the  driving  band  seat  itself  upon  the  shoulder  formed  at  the 
base  of  the  enlargement  a.  Under  certain  circumstances  the  driving 

band  may  be  completely  sunk  into  the  enlargement  a,  which  is  corre- 
spondingly deepened  for  the  purpose. 

When  the  projectile  is  provided  with  several  driving  bands,  they 
may  all  lie  within  the  enlargement,  or  that  one  nearest  the  cartridge 

case  only  ma}'  be  made  to  lit  into  the  enlargement. 
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Section  VII. 

TORPEDOES. 

The  exercise  neads  of  torpedoes  in  the  German  navy  are  filled  with 

earth  or  sand.  This  material  is  said  to  have  the  same  weight  and  vol- 
ume as, the  service  charge  of  gun  cotton. 

In  Austria  the  exercise  heads  have  been  filled  with  tallow.  The 

head  is  made  of  thin  material,  and  the  torpedoes  fired  directly  at  ships 

under  way.  Upon  striking,  the  head  is  collapsed  and  the  shot  regis- 

tered by  the  tallow  adhering  to  the  ship's  side  at  the  point  of  impact. 
There  are  indications  that  the  German  navy  have  made  experi- 

ments with  a  device  considerably  enlarging  the  area  of  action  of  their 

torpedoes. 

In  these  experiments  the  torpedoes  were  fitted  with  a  device  on  the 

gyroscopic  steering  gear,  which,  by  means  of  a  small  steering  engine, 

would  make  the  torpedo  run  in  a  spiral  or  zigzag  course  after  having 

made  a  straight  run  of  1,000  meters,  the  torpedo  in  the  meantime  hav- 
ing failed  to  explode  by  reason  of  not  having  hit  the  target  at  which  it 

was  originally  fired. 

This  device  consists  of  fitting  a  template  about  the  size  of  a  watch 

on  the  gyroscope.  This  template  is  an  exact  circle  for  three-quarters 
of  the  circumference,  the  other  fourth  being  cut  eccentrically,  so  that 

in  the  last  quadrant  this  portion  causes  the  gyroscopic  engine  to  steer 

the  torpedo  spirally  or  in  a  zigzag  course. 
The  idea  involved  is  as  follows:  In  an  action  between  fleets  or  in  a 

torpedo  attack  against  fleets,  torpedoes  will  be  fired  straight  at  a  range 

of  1,000  meters;  then  if  a  torpedo  shall  have  missed  striking,  it  will 
turn  and  pursue  a  zigzag  course,  the  general  direction  of  which  Is  at 

right  angles  to  the  original  course  of  the  torpedo.  The  torpedo  will 

tine  threaten  the  entire  column  of  the  enemy's  vessels.  Reports  as  to 
the  utility  of  this  device  are  conflicting  in  character. 

In  the  Schwartzkopff  torpedo  and  in  the  German  modification  of  the 

wne  the  bronze  air  Mask-  arc  permanently  scaled  and  the  heads  perma- 

nently soldered  therein.     Bronze  torpedoes  arc  considered  in  ( rermany 
uperior  to  steel,  as  there  is  no  rust,  no  oil  or  vaseline  neces 

.  and  no  necessity  of  an  inspection  of  the  Interior  of  the  air  flasks. 
Id''  alighi  difference  in  the  first  cosf  of  the  bronze  machine  is  offset 

i   I   of  maiutciian< 
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Practice  with  these  torpedoes  in  the  German  navy  has  made  them 

perfectly  reliable  weapons.  The  color  of  the  bronze  torpedo  renders 

it  more  visible  in  the  water,  and  reduces  the  danger  of  loss  in  practice 
runs. 

The  torpedo  in  the  German  navy  is  considered  as  a  positive  and  reli- 
able element.  There  are  no  indications  of  its  being  abandoned  in  the 

under-water  tube  on  board  ship. 

S03IE    BUNS  OK  THE    SCHWAJSTZKOPFF    TORPEIM)    FITTED    WITH  THE    KASELOWSKI 
ATTACHMENT. 

These  runs  were  made  in  August  last  at  the  experimental  station  of 
the  Berliner  Action  Gesellschaft  at  Kiel. 

The  target  was  a  float  80  feet  long,  5  feet  wide,  and  3  feet  draft.  In 

the  center,  surmounted  by  a  flat  disk  and  about  10  feet  apart,  were 

two  long  poles.  Observers  are  stationed  on  the  target  to  note  the 

action  of  the  torpedo  at  that  point,  and  also  to  note  the  action  at  the 

end  of  the  run.  The  target  was  anchored  so  as  to  present  a  broadside 

to  the  tiring  station. 

Experiments  were  made  with  two  torpedoes.  3824  and  3S25,  two  runs 

being  made  with  each  on  two  successive  days,  except  that  on  the  second 
day  three  runs  were  made  with  3825. 

The  torpedoes  were  fired  with  compressed  air,  and  discharged  from 

the  wharf.  The  runs  were  rapidly  made.  After  the  runs  each  torpedo 

was  hoisted  to  a  convenient  height  to  admit  of  recharging  from  the 

accumulators  on  the  wharf,  the  Kaselowski  attachment  being  readjusted 

by  simply  pressing  down  on  the  disk  on  the  head  of  the  rod. 

The  remarkable  facility  and  ease  with  which  the  same  torpedo  was 

repeatedly  discharged  was  striking.  There  was  no  need  of  cleaning 

the  bronze  torpedo,  it  was  not  even  necessary  to  wipe  it  off,  but  was 

ready  for  another  run  as  soon  as  it  could  have  its  air  flask  recharged 

The  Kaselowski  attachment  was  in  that  period  reset  by  simply  push- 
ing down  the  rod. 

The  results  of  nine  runs  of  these  two  torpedoes  are  given  on  the 

accompanying  plates — copies  of  the  blanks  furnished  by  the  linn 
and  recorded  in  the  presence  of  officers  and  men  from  the  U.  S.  >• 
Hartford. 

The  accuracy  of  the  runs,  and  the  exact  working  of  the  Kaselowski 
attachment,  are  illustrated  in  this  record. 

The  record  of  the  three  shots  Nos.  397,  398,  and  399  is  worthy  of 

note.  In  these  the  torpedo  was  tired  as  if  toward  the  target  anchored 

broadside  to  the  pier  at  1,000  meters  (3,280  feet).  It  ran  straight  out 

for  a  distance  of  about  75  yards  and  then,  turning  through  4.')  degrees, 
went  straight  along  a  line  of  7  buoys  at  a. distance  of  25  yards  parallel 
thereto. 

Experiment  No.  400  with  this  same  torpedo.  3vSi>4.  was  made  inline- 
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diately  after  it  bad  been  fired  to  diverge  45  degrees  in  399.  The  adjust- 
ment was  exceedingly  simple  to  set  it  for  direct  run.  and  tbe  record 

shows  the  accuracy  of  that  run. 
The  perfect  confidence  of  the  engineer  in  charge  of  the  station  as  to 

the  course  of  the  torpedo  was  exemplified  l^the  fact  that  a  fisherman 
laid  out  nets  near  the  line  of  fire  and  run  No.  399  was  made  to  run 

around  that  boat,  leaving  his  boat  on  the  port  side  of  the  course  of  the 

torpedo. 
The  confidence  in  the  accuracy  of  the  run  of  this  torpedo  is  obtained 

by  the  action  of  the  Kaselowski  attachment.  The  Kaselowski  attach- 
ment is  a  modification  of  the  Obry  steering  device.  The  impulse  is 

given  the  g}Troscope  by  two  jets  of  air,  on  opposite  sides  of  the  wheel, 
acting  on  the  serrated  surfaces  of  the  wheel,  and  thus  producing  rota- 

tion. The  air  acts  on  the  wheel  for  a  short  interval  and  is  then  auto- 

matically shut  off.  Being  actuated  b}^  constantly  the  same  force  on 
periphery  of  the  fly  wheel,  there  is  no  sudden  shock  on  the  mechanism, 
as  in  the  Obry  attachment,  with  its  strong  spring.  The  teeth  of  the 

gearing  of  the  apparatus  are  thus  preserved  intact,  while  it  has  fre- 
quently occurred  that  in  the  Obry  attachment  the  teeth  of  gearing  are 

torn  off  by  the  strong  blow  of  the  spring  in  the  Obry  gear,  which  must 
be  taken  to  the  torpedo  depot  for  repair,  while  the  torpedoes  with 
Kaselowski  attachment  have  been  fired  several  hundred  times  without 

interruption  with  the  same  attachment,  this  being  especially  the  case 

with  these  two  torpedoes,  Nos.  382-i  and  3825. 
After  the  torpedo  has  run  its  course,  the  Kaselowski  attachment  is 

>y  simply  removing  a  screw  cap  and  pressing  down  a  lever. 

Jn  the  late  models  of  the  torpedo  the  Kaselow7ski  gear  is  connected 
with  the  starting  lever,  so  that  the  torpedo  upon  discharge  sets  the 

ce  for  the  next  run. 

SINKING  DEVICE  FOB  TORPEDOES  UTTKI)  WITH  THE  0BB1  OEAB. 

Thie  invention  has  for  its  object  to  provide  torpedoes  having  Obry's 
»pe  steering  gear  with  a  device  which  stops  and  sinks  the  torpedo 

ar  fails  to  operate. 

j.   1  is  a  crosH  section  through  the  torpedo  chamber  showing  a 

side  view  of  the  device.     Fig.  2  is  a  partial  plan  thereof  in  the  direc- 
tion of  tin-  arrow  :;J.      Fig.  3  a  cross  section  as  seen  from  the  right  at 

line  A.B  fig.  l.     Fig.  1  is  a  longitudinal  section  at  line  CD,  fig.  1.     The 
liown  in  this  figure,  are  used  for  fixing  the  device  show  n 

111  fig.   1    to   the  shell;  th  16,  pass  through  the  hole- 
'i  the  frame  -mown  in  fig.  I:  on  the  other  hand,  parts  are  repre- 

ted  in  lig.    I  which,  for  tin-  sake  of  clean  <\i>  left  out    in   tig.   1. 

partial  plan  of  a  f<-w  pails  shown  in  fig.   I.      Fig.  6  is  a  pari 
a  ii  in  fig.   I  un<u\  ered. 

I  be  «l«\  ice  i-  constructed  h    follow 
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Upon  a  suitable  support «,  which  is  secured  to  the  shell  by  means  of 
the  screws  35,  36  passing  through  the  holes  38,  39  (figs.  1  and  2),  is 
carried  a  tube  3,  in  which  is  guided  a  cylindrical  or  prismatic  bolt  4. 
One  end  of  this  bolt  carries  at  a  right  angle  thereto  a  bed  2,  while  the 

other  end,  which  is  flat  and  rounded  off,  glides  upon  the  periphery  of 
a  sector  G  (figs.  1  and  2),  adapted  to  oscillate  on  the  bolt  9,  and  the 
periphery  of  which  has  in  the  middle  a  slight  depression  7  (fig.  2). 

The  bolt  4,  guided  in  the  bearing  3,  is  pressed  against  the  periphery 
of  the  sector  6  by  a  spring  5  (in  fig.  2  shown  broken  off),  one  end  of 
which  is  secured  to  the  stud  9  and  the  other  to  a  stud  8,  secured  to  the 
bolt  4  and  guided  in  a  slot  formed  in  the  bearing  3,  so  that  when  the 

sector  6  is  caused  to  oscillate  the  bolt  3  alwa}Ts  engages  in  the  sector 
depression  7  when  the  sector  6  passes  its  position  of  rest,  while  dur- 

ing the  rest  of  the  amplitude  of  the  sector  6  it  is  pressed  down  upon 
the  full  part  of  the  periphery  thereof. 

The  sector  6  (see  figs.  1  and  2  and  particularly  fig.  4)  is  connected 
with  the  steering  rod  m,  actuated  from  the  gyroscope  motor  by  the 

draw  rod  10  and  the  double-armed  lever  11,  and  is  thus  set  in  oscilla- 
tion by  the  alternate  movement  of  the  gyroscope. 

In  the  bed  2  of  the  outer  end  of  the  bolt  4,  a  T-shaped  slide  1  is 
employed  (figs.  1,  2,  and  3),  the  exposed  edge  12  of  which  is  formed 
with  teeth  which,  when  the  bolt  4  has  moyed  forward,  i.  e.,  when  it 
bears  against  the  full  part  of  the  said  sector  periphery  6,  gears  with  a 

pinion  13  rotated  at  a  uniform  speed  by  the  well-known  counter  of 
the  air-admission  valve  or  direct  through  the  torpedo  machine. 

The  slide  1,  the  downward  motion  of  which  is  limited  by  the  abut- 
ment screw  14,  is  drawn  downward  into  the  position  shown  in  full  lines 

by  the  spring  15,  one  end  of  which  is  attached  to  the  stud  16,  secured 
to  the  frame  a,  and  the  other  end  to  the  stud  IT,  on  the  slide  1.  This 
slide  moves  only  in  the  direction  opposite  to  the  pull  of  the  string  15, 

when  it  is  engaged  b}T  the  pinion  13,  which  rotates  alwa}Ts  in  the  said 
direction.  The  slide  1  has  a  slot  18,  in  which  engages  the  crank  pin 
19  of  a  cock  lever  20,  the  cock  21  of  which  is  inserted  into  an  air  pipe 
22,  branching  from  the  main  air  pipe. 

The  plug  of  the  air  cock  21  in  the  usual  manner  is  preferably  made 
with  double  passages  so  as  to  balance  the  pressure  of  the  air  on  the 

plug. 
The  slot  18  is  of  such  a  width  that  the  slide  1  can  move  sufficiently 

laterally  to  bring  the  rack  12  in  and  out  of  gear  with  the  pinion  13 
without  disturbing  the  crank  pin  19. 

The  length  of  the  slot  18  depends  also  on  certain  conditions  of  con- 
struction which  will  be  more  particularly  referred  to  hereinafter 

in  describing  the  working  of  the  apparatus. 

The  air  pipe  22,  (ait  off  by  the  cock  21,  loads  to  the  bottom  of  a 

closed  cylinder  23.  figs.  1  and  4,  containing  a  piston  24,  which  is  con- 
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nected  with  the  air  lever  n  by  the  rod  25,  articulated  thereto,  which, 

when  launching  the  torpedo,  moves  from  the  position  shown  in  dotted 
lines  into  that  shown  in  full  lines. 

This  connection  is  such  that  when  the  air  lever  n  is  in  the  position 

shown  in  full  lines,  fig.  4,  i.  e.,  the  torpedo  is  at  full  speed,  the 

piston  24  will  have  arrived  at  the  end  of  its  instroke  and  at  the  end  of 
its  outstroke  when  the  air  lever  n  is  in  the  position  shown  in  dotted 

lines,  fig.  4,  the  air  pressure  having  acted  upon  the  back  of  the  piston, 
i.  e.,  when  the  tap  21  has  been  opened. 
The  air  lever  may  conveniently  act  on  the  sinking  valve  by  the 

device  hereinafter  described. 

The  link  -10,  already  existing  and  connecting  the  air  lever  n  with  the 
main  air  valve,  is  furnished  with  a  laterally  moving  arm  30,  figs.  4  and 

5,  on  its  end  furnished  with  the  horizontal  stud  26. 

This  stud  engages  a  pin  27,  the  head  of  which  rests  on  the  eye  28, 

fig.  6,  suitably  fixed,  and  the  lower  end  of  which  passes  through  the 

eye  31,  secured  to  the  stem  29  of  the  sinking  valve.  (Owing  to  the. 

head  of  the  pin  27  and  the  eye  28  being  covered  in  fig.  4  by  the  ele- 
ments n  and  25  they  are  shown  separately  in  fig.  6.) 

If  the  air  lever  n  is  turned  off,  the  link  40  is  pressed  downward  and 

the  arm  30  drawn  a  little  to  the  left  (see  dotted  position),  where b}^ 
the  pin  27  will  slightly  swing  around  the  suspension  eye  28  to  the  left 

and  thereby  open  the  valve  32. 

The  apparatus  works  as  follows: 

As  is  well  known,  a  steering  gear  operated  by  a  properly  working 

gyroscope  will  always  oscillate  regularly  as  long  as  it  remains  not  per- 

fectly in  the  launching  plane  of  the  torpedo,  which  oscillations,  b}r 
the  previously  described  connection  between  the  steering  rod  m  and 

tin-  sector  6,  are  transmitted  to  the  latter,  the  oscillation  of  which  will 
also  remain  regular  as  long  as  the  gyroscope  works  correctly  and 

unless  the  steering  gear  remains  perfectly  in  the  launching  plane  and 
the  torpedo  therefore  does  not  deviate  from  its  launching  direction. 

Owing  to  this  regular  oscillation  of  the  sector  6,  the  bolt  4,  guided 

in  the  bearing  3,  will  be  pressed  forward  during  the  action  of  the  sec- 
tor 6,  and  by  the  spring  5  caused  to  slide  back  the  moment  the  sector 

8  passe*  its  position  of  rest. 

The  rack    L2,  on   the  slide  1,  will   thus  always    he   in   gear    with  the 

pinion  L8  (which  rotates  always  in  the  same  direction  and  at  the  s;une 
d),  when  the  bolt  4  takes  up  its  forward  position  and  will  come  out 
ear  with    the   pinion   L3,  when   the   end  of   the    bolt  4  enters   the 

depression  7  in  the  periphery  of  the  sector  <).  which  always  takes 
place  when  the  Latter  passses  its  position  of  rest. 
The  slide  l.  as  already  explained,  being  drawn  by  a  suitably 

arranged  spring  L5  in  a  direction  opposite  i«»  the  movement  imparted 
thereto  by  the  pinion   13,   will    fly   hick  in  the   direction  opposite  to  it-- 
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previous  movement  the  moment  its  rack  12  comes  out  of  gear  with 
the  pinion  13. 

It  will  thus  he  seen  that  the  slide  1  will  be  pressed  upward  in  the 
direction  of  the  arrow  33  (see  dotted  position  in  tig.  1)  in  the  intervals 
between  two  successive  transits  of  the  sector  6  through  its  position  of 
rest  and  be  pulled  back  the  moment  the  sector  6  passes  its  position  of 

rest.  The  length  of  the  slot  18  in  the  slide  1  is  greater  than  the  great- 
est possible  travel  of  the  slide  1  when  the  gyroscope  operates  regu- 

larly so  that  as  long  as  the  said  intervals  are  not  of  greater  duration 
than  those  that  are  possible  when  the  gyroscope  is  in  regular  opera 
tion,  the  end  of  the  slot  18  will  never  reach  the  crank  pin  19. 

But  should  the  gyroscope  fail  to  work  and  the  steering  gear  remain 
permanently  in  any  of  its  lateral  positions  which  would  endanger  the 

torpedo  returning  to  its  own  line,  thes  lide  1  would  also  remain  per- 
manently in  gear  with  its  pinion  13  and  be  moved  so  far  forward  that 

the  crank  pin  19  would  contract  with  the  end  of  the  slot  18  and  there- 
by engage  the  slide  1  to  open  the  air  cock  21. 
When  opening  the  air  cock  21  the  air  pressure  enters  the  back  end 

of  the  cylinder  23,  drives  the  piston  24  forward,  sets  the  air  lever  n 

into  the  cut-off  position,  thereby  cutting  off  the  air  supply  from  the 
motor  and  at  the  same  time,  as  previously  described,  opening  the  sink- 

ing valve  32,  which  causes  the  torpedo  to  be  sunk. 

SCHWABTZKOPFF  SUBMERGED  TORPEDO  DISCHARGE  TUBE. 

The  Berliner  Maschinenbau  Action  Gesellschaft,  formerly  L. 
Schwartzkopff,  have  designed  an  improved  type  of  underwater  torpedo 
discharge  i-ubes. 

The  tube  is  built  in  the  ship  as  usual  for  underwater  discharge,  hav 
ing  an  inner  movable  tube  to  cany  the  torpedo.  This  inner  tube 
opens  in  the  rear  end  to  receive  the  torpedo.  Two  side  cylinders,  with 
pistons  and  piston  rods,  carry  the  inner  tube  with  the  torpedo  out 
ready  to  lire.  These  piston  rods  are  hollow  and  connect  the  space 
behind  the  pistons  with  the  inner  tube  containing  the  torpedo.  A 
special  pipe  conveys  the  air  pressure  that  has  carried  out  the  inner 

tube  to  the  other  side  of  the  piston.  In  the  latter  lead  there  are  air- 
pressure  reducers,  so  that  the  pressure  on  both  sides  of  the  pistons  is 
equalized,  the  piston  no  longer  moves,  and  the  pressure  then  passel 
out  through  the  hollow  piston  rods  to  force  the  torpedo  out  of  the 
tube. 

The  sketch  shows  a  broadside  underwater  tube  to  discharge  torpe- 

does at  right  angles  to  the  ship's  course.  The  inner  tube  a  (figs.  4 
and  5)  has  guide  grooves  1  of  usual  form.  These  serve  to  support 
the  torpedo  against  the  lateral  pressure  of  water  before  the  torpedo 
is  clear  of  the  ship. 

The  inner  tube  a  moves  in  the  outer  tube  e  through  a  stuffing  boi 
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made  water-tight  in  usual  manner.  Two  cylinders  d  are  placed  along- 
side the  outer  tube  0,  the  pistons  c  are  in  these  and  are  connected  by 

the  hollow  piston  rods  b  with  the  inner  tube  a.  This  connection  is 

such  that  the  space  outboard  of  the  pistons  is  connected  with  the  space 

at  the  inboard  end  of  the  inner  tube  a.  The  valve  a?,  worked  by  means 

of  the  handwheel  z  and  lever  y,  can  break  this  connection. 

An  air  tank  f  is  placed  above  the  tube  e.  This  in  connection 

through  a  cut-off  i,  with  the  rear  end  (inboard)  of  the  cylinders  e  and 

by  the  pipe  u  and  cut-off  w  with  the  front  outboard  ends  of  the  cylin- 

ders d.  The  cut-off  i,  which  may  be  a  valve,  slide,  or  cock,  is  opened 

by  means  of  a  so-called  firing-  belt  A,  of  desired  construction,  that 
moves  as  shown  by  the  arrow  in  fig.  1.  The  cut-off  i  is  closed  auto- 

matically by  coming  in  contact  with  the  adjustable  lug  m  on  the  tube 

a.  (See  figs.  1  and  3.)  The  cut-off  w  for  the  pipe  v  is  worked  by 
handwheel  or  lever.  The  pipe  s  t  connects  the  front  and  rear  parts 

of  the  two  c}dinders  d.  In  this  pipe  there  is  a  cut  off  r,  worked  by 

the  lever  q.  (Fig.  1.)  This  can  be  done  automatically  by  the  rail  p, 
which  carries  the  lug  o  and  opens  when  it  comes  in  contact  with  the 

lever  q  when  the  tube  a  is  pushed  out  into  the  outer  tube  e.  Reducing 

valves  a  reset  in  the  mouth  of  this  pipe  with  the  cylinder  d  and  the 
cut-off  r  is  also  fitted  with  a  reducer. 

The  operation  is  as  follows:  Assume  the  apparatus  in  the  position 

shown  in  the  sketch,  the  inner  tube  a  containing  a  torpedo.  When 

the  firing  bolt  //  is  moved  as  in  the  arrow,  fig.  1,  the  cut-off  i  is  opened 
and  air  pressure  enters  on  the  inboard  side  of  the  pistons  c,  forcing 
the  inner  tube  a  outboard  into  the  outer  tube  e.  This  continues  until 

the  lug  ///  comes  in  contact  with  the  lever  A  and  closes  the  cut-off  i. 

At  the  same  time,  or  as  may  be  adjusted,  the  rail^>  brings  the  offset 

o  in  contact  with  the  lever  q  that  brings  the  front  and  rear  parts  of 

cylinders  d  in  connection.  Air  cushions  are  thus  formed  in  the  c}Tlin- 
ders  </.  and  the  further  movement  of  the  inner  tube  a  is  stopped.  This 
Operation  may  be  regulated  as  desired  by  opening  and  closing  the 
respective  valves,  or  it  may  be  woiked  by  hand  and  buffers  be  used  to 

arret  tli<-  motion  outboard  of  the  inner  tube  a.  The  air-pressure 
reducers  thus  are  adjusted  to  prevent  any  back  action  of  the  inner  tube, 

that  must  be  brought  to  rest  in  the  outboard  firing  position.  If  the 

vul\<-  ./  is  now  opened  the  air  pressure  will  return  through  the  hollow 
m  rods  and  eject  the  torpedo  from  the  tube.  Before  this  is  done 

tin-  outboard  disks  that  close  the  outboard  side  or  port  opening  of  the 
Outer  tube  e  is  opened    by    means  of   the   handwheel  on  top,  a-  shown. 

In  the  photographs  illustrated  this  handwheel,  the  gauges,  etc..  are 
prorking  apparatus  and  are  much  larger  in  proportion  to  the  other 
details  of  the  working  model. 

After  the  torpedo  is  ejected,  the  air  still  remaining  <-;m  be  used  t<> 
return  tin-  inner  tube  to  the  leading  position.     After  the  torpedo  port 
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is  closed,  water  that  entered  e  can  be  also  ejected  through  a  suitable 

drainage  pipe  by  means  of  the  remaining  air  pressure.  The  cushion- 
ing arrangement,  with  its  reducing  valves,  is  found  to  supply  all  the 

needed  power  to  return  the  inner  tube  and  eject  water  through  the 
drainage  pipe. 

Without  going  into  details  of  the  claims  of  the  inventors  the 
arrangement  affords  a  tube  for  underwater  discharge  that  is  effective 
and  which  weighs  much  less  than  the  underwater  tubes  usually 
adopted. 















Section  VIII. 

ACCIDENTS. 

12-INCH  UIVS  EXPLOSION  ON  BOARD  H.  M.  S.  MARS. 

A  serious  explosion,  resulting  in  severe  loss  of  life,  took  place  on 

board  H.  M.  S.  Mars  off  Queenstown  on  April  14,  1902. 

The  Channel  Squadron  was  engaged  in  carrying  out  the  usual  target 

practice,  each  ship  firing  at  a  target  towed  past  her  by  another  ship. 

The  Mars  had  completed  her  practice  except  that  of  the  forward 
turret  guns. 

During  the  practice  of  these  guns  an  explosion  took  place,  resulting 
in  the  death  of  2  officers  and  9  men  and  severe  injuries  to  7  others, 

some  of  whom,  as  a  result  of  their  injuries,  have  since  died. 

The  forward  barbette  of  the  Mars  contained  two  12-inch,  wire- 

wound,  breech-loading  guns,  fired  by  electricity.  The  port  gun  was 

the  one  in  which  the  explosion  took  place,  under  the  following  con- 
ditions: 

The  gun  had  been  loaded  with  a  reduced  charge  of  cordite  and  the 

breech  closed.  Several  missfires  had  occurred  and  the  order  was  given 

to  change  from  the  main  to  the  auxiliary  firing  circuit,  which  order 
was  carried  into  execution.  The  order  to  fire  was  executed  with  the 

result  of  a  hang  fire  or  a  missfire,  probably  the  former,  and  after  wait- 

ing the  prescribed  five  minutes,  as  called  for  in  the  British  regula- 
tions, the  breech  was  opened.  Immediately  upon  the  opening  taking 

place,  a  tremendous  explosion  occurred.  The  starboard  gun  was 

loaded  tit  the  time,  but  was  not  discharged  or  injured  by  the  explosion. 

Of  the  18  men  in  the  turret,  all  were  killed  or  injured,  some  of  them 

being  blown  in  fragments  through  the  manhole.  Upon  the  barbette 

being  opened  many  of  the  men  were  found  to  he  alive,  but,  it  is  stated, 

owing  to  the  poisonous  fumes  of  cordite,  died  almost  immediately. 

An  examination  of  the  barbette  disclosed  the  following: 

i    Breechblock  disabled;  extent  not  stated. 

'i  Projectile  moved  5  feet  in  direction  of  the  muzzle,  where  it  remained  jammed 
in  tin-  rifling. 

'  otherwise,  the  port  gun  showed  n<>  marks  <>i  tin-  explosion. 
i.  Starboard  gun:  L<»a<l  intact;  not  Injured. 

Barbette  practically  uninjured. 
8    Rammer  room  t"  rear  shattered. 

S    Bodii    ol  the  guns'  crews  served  at  buffei  -  t"  preserve  rear  «»i  barbette 
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CAUSE   OF   THE    EXPLOSION'. 

At  the  moment  of  writing,  no  official  report  upon  the  accident  has 
been  published,  and  the  following  information  is  obtained  from  the 
various  and  somewhat  conflicting  reports.  The  first  theory  is  that  the 

accident  was  due  to  a  "hang  fire"  of  the  cordite  charges.  The  full 
charge  of  cordite  for  guns  of  the  Jfars  type  is  made  up  in  four  sec- 

tions, each  part  weighing  41  pounds  13  ounces,  making  a  total  of  167i 
pounds  in  all.     Each  section  is  incased  in  a  bag. 

The  Mars  was  using  reduced  charge,  composed  of  two  of  the  sec- 
tions referred  to  above.  As  this  reduced  charge  does  not  fill  the 

powder  chamber,  it  must  be  carefully  entered  so  that  the  end  of  the 
charge  when  the  breech  is  closed  shall  touch  the  breechblock  and  rest 
against  vent. 

It  is  stated  that  the  charge  was  probably  some  distance  away  from 
the  vent  and  failed  to  receive  the  full  effect  of  the  primer  upon  its 

being  fired,  so  that  only  a  portion  of  the  cordite's  bag  was  ignited. 
This  smoldered  slowly,  there  not  being  sufficient  oxygen  in  the  cham- 

ber to  give  the  small  flame  a  chance  to  spread  and  reach  the  ignition 
charge.  Upon  the  breech  being  opened,  air  entered  and  the  explosion 
took  place. 

The  fact  that  the  projectile  was  not  forced  out  of  the  gun  shows  that 
little  resistance  was  offered  by  the  breechblock,  which  may  have  been 
opened,  or  swung  to  and  entered  but  not  locked. 

Another  report  states  that  the  breech  was  not  properly  closed. 
The  mechanism  of  the  gun  in  question  requires  three  movements  to 
close  it,  all  of  which  are  automatically  performed  by  revolving  a  hand 
wheel  at  the  side  of  the  breech.  The  first  phase  swings  the  plug  to, 

the  second  enters  it,  the  third  rotates  and  locks  it.  After  firing  sev- 
eral rounds  the  last  operation  requires  more  exertion  than  the  other-, 

and  it  is  supposed  that  only  the  second  motion  was  complete  when  the 
wheel  brought  up.  In  the  desire  to  obtain  rapidity  of  fire,  the  fact 

that  the  plug  was  not  locked  was  overlooked  and  the  gun  fired.  Fir- 
ing circuits  are  usually  constructed  to  prevent  ignition  of  the  charge 

until  the  breech  is  properly  locked,  but  it  is  known  that  in  the  guns 
of  the  Mars,  while  the  main  current  will  not  ignite  the  cartridge  if 
the  breech  is  not  properly  closed,  the  auxiliary  current  will. 

The  Admiralty  have  directed  that  the  auxiliary  circuit  is  not  to  be 

used  in  12-inch  guns  up  to  the  Mark  VIII  pattern,  the  13.5-inch  and 
the  16.25-inch  until  modifications  have  been  made  in  the  existing 

auxiliary  firing  arrangements. 

Note. — Since  the  foregoing  notes  on  the  accident  on  board  the  Mars  were  written, 
the  following  official  account  of  the  results  of  the  investigation  by  the  court  of 

inquiry  have  been  given  out  by  the  Admiralty:  "It  was  clearly  proved  that  the  acci- 

dent was  primarily  due  to  the  gun  having  been  tired  by  means  of  the  auxiliary  cir- 
cuit and  to  the  breech  not  having  been  properly  closed  after  reloading. 

"The  threads  in  the  breech  screw  were  found  intact.     The  screw  had  been  fully 
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ACCIDENT  DURING  TKIAL  FIRING  OF  A  15-CENTIMETER  (6-INCH)  Gl  N  AT  BOFORS,  SWEDEN. 

On  February  25,  1902,  a  serious  accident  occurred  with  a  6-inch  gun 

at  the  proving  ground  of  the  Bofors-Guttspang  Company,  near  Bofors. 
From  an  ordnance  point  of  view,  this  accident  is  of  special  interest,  for 

the  reason  that  the  cause  of  the  same  is  to  be  sought  in  a  defect  inher- 

ent in  a  screw-closure  system.  The  facts  are  briefly  as  follows:  This 

6-inch  gun  M  89,  being  one  of  those  which  had  formed  part  of  the 
former  armament  of  the  battleships  Svea,  Gota,  and  Thule,  and  are  to 

be  used  in  future  as  coast  and  fortress  guns,  had  been  remodeled  by 

reducing  the  chamber  to  fit  it  for  the  use  of  smokeless  powder  and  put- 
ting in  screw  closures.  The  gun  in  question  was  to  be  tried  once  more, 

as  the  trials  which  took  place  last  summer  had  not  given  satisfactory 

results.  At  the  same  time  the  new  brass  cartridge  cases  were  to  be 

tested,  as  the  cartridge  cases  obtained  from  France  had  proved  unserv- 
iceable. The  strength  of  the  tube  and  breech  was  tested  first  by  seven 

rounds  of  black  powder,  with  gas  pressures  varying  between  1,800  and 

2,900  atmospheres,  and  were  pronounced  satisfactory.  The  cartridge 

cases,  which  were  then  tested  by  firing  8  or  9  rounds  with  charges  of 

9.65  kilogrammes  (21.2  pounds)  Nobel  powder,  with  a  very  even  gas 
pressure  of  2,000  atmospheres  and  an  initial  velocity  of  700  meters 

(2,296  feet),  were  likewise  found  satisfactory.  Thereupon  a  rapid-fire 

series  of  6  rounds  with  9. 65 -kilogramme  charges  of  Nobel  powder  was 
to  be  fired.  It  was  at  the  fourth  round  that  the  accident  occurred, 

which  resulted  in  the  immediate  death  of  four  men,  who  were  killed 

instantly,  and  in  the  death  of  one  who  died  the  next  morning.  One 

man  was  slightly  wounded.  The  discharge  took  place  before  the 

breech  had  been  closed,  probably  immediately  after  the  swinging  in  of 
the  breech,  before  the  breechblock  had  been  turned  and  the  screw 

threads  of  the  latter  locked  with  those  of  the  gun.  The  investigation 
made  the  same  day  that  the  accident  occurred  showed  that  the  screw 

tli reads  of  the  gun  as  well  as  of  the  breech  screw  were  intact.  The 

breech  screw,  weighing  70  kilogrammes  (151  pounds),  had  been  hurled 

meters  (1.640  feet)  to  the  rear  by  the  premature  discharge.  The 

probability  is  that  the  screw  threads  would  have  been  injured  if  the 
breech  screw  had  been  partly  turned  and  the  screw  threads  had  locked. 

On  the  other  hand,  the  firing  pin  was  broken,  which  circumstance  makes 

it  probable  that  the  point  of  the  firing  pin  had  projected  over  the 
front  face  of  the  breechblock,  so  th;il  when  the  breech  was  swung  in 

the  point  struck  violently  againsl  the  fuse  plug  iii  tin-  base  of  the  cart 
ridge,  thus  causing  it  to  burst  instantly  and  the  shot  to  be  discharged. 

before  it  had  become  possible  to  turn  the  breech  screw. 

entered,  but  do!  turned.     None  <>i'  tin-  threads  wen  fed  in  those  of  the  pm, 
whereby  it  w  ented  from  being  fired  bj  the  main  circuit,  though  it  could  be, 
ami  was,  fired  by  the  auxiliary  rirroit,  !»<»tli  f-l«»t>  an. I  bolts  <-i  which  were  found 
connected.' 
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The  Kriegstechnische  Zeitschrift  comments  as  follows: 

Similar  accidents  have  occurred  frequently  in  connection  with  screw  closures,  and 
will  continue  to  occur  as  long  as  screw  closures  and  ignition  in  the  axis  of  the  bore  in 
connection  with  metal  cartridges  are  continued  to  be  used.  Judging  from  previous 
experience,  it  is  not  probable  that  means  will  be  found  for  obviating  this  drawback, 
which  is  inherent  in  the  mechanical  principles  of  the  screw  closure.  If  this  were 

possible  it  would  have  been  done  ere  this,  in  view  of  the  numerous  accidents  resulting 
from  the  same  cause.  We  will  only  recall  the  accident  on  board  the  English  battle- 

ship Royal  Sovereign  in  November,  1901,  in  which  1  officer  and  6  men  were  killed  and 

13  others  wounded.  Under  the  same  circumstances,  4  men  were  killed  and  4  severely 
wounded  by  the  blowing  out  of  the  breechblock  of  a  14.9  centimeter  gun  on  board 
the  Italian  gunboat  Terrible  at  Spezia,  in  January,  1901.  The  latest  accident  of  this 
nature  occurred  only  a  few  weeks  ago,  on  April  14,  1902,  on  board  the  British  battle- 

ship Mars. 
Such  accidents  are  precluded  where  wedge  closures  are  used,  because  the  wedge, 

which,  when  the  breech  is  being  closed,  moves  vertically  to  the  axis  of  the  bore, 
does  not  put  the  firing  pin  in  the  direction  of  the  axis  of  the  bore,  and  hence  in  the 
position  for  ignition  in  the  rear  of  the  fuse  plug,  until  the  wedge  is  firmly  lodged  in 
the  tube.  Another  important  circumstance  to  be  taken  into  consideration  is  that 
the  cartridge  can  never  receive  a  shock  from  the  closing  of  the  wedge  closure,  such 
as  exerted  upon  the  base  of  the  metal  cartridge  by  the  closing  of  the  breechblock  of 
the  screw  fermeture,  especially  when  in  loading  by  hand  the  cartridge  has  not  been 
pushed  entirely  into  the  tube.  This  is  frequently  the  case  in  rapid  fire  when  the 
man  putting  in  the  cartridge  has  to  push  his  arm  into  the  tube  (the  screw  closure 

does  not  admit  of  a  loading  hole  like  the  wedge  closure)  and  must  be  careful  to  with- 
draw his  hand  quickly  from  the  tube  so  as  not  to  be  caught  by  the  breech  screw 

when  it  is  swung  in.  This  explains  how  the  breechblock  upon  the  closing  of  the 
breech  may  push  the  cartridge  into  the  chamber  with  a  more  or  less  violent  shock, 
according  to  the  rapidity  of  the  swinging  motion.  This  shock  of  the  breechblock 
against  the  cartridge  has  in  similar  accidents  caused  the  shot  to  be  discharged,  and 
may  thus  be  not  only  the  indirect  but  also  the  direct  cause  of  the  permature  bursting 
of  the  charge.  In  wedge  closures  such  shock  is  precluded,  because,  owing  to  the 

sloping  face  of  the  wedge  at  the  loading  hole,  the  cartridge  is  pushed  into  the  cham- 
ber gradually. 

In  France,  where  the  screw  closure  has  been  carried  beyond  the  first  phases  of  its 
development,  the  defects  inherent  in  its  principles  have  been  conceded,  as  may  be 

assumed  from  the  eccentric  screw  closure  of  the  rapid-fire  gun  C/97,  since  this  closure, 
judging  from  the  manner  in  which  it  works,  may  be  considered  a  disk-shaped  wedge 
closure  with  circular  motion,  as  distinguished  from  the  prismatic  wedge  closure  with 
rectangular  motion. 

ACCIDENT  TO  A  6-IM'H  GIN  OS  THE  "ROYAL  SOVEREIGN." 

By  the  explosion,  during  target  practice,  before  the  breech  was 

properly  closed,  of  the  charge  of  a  tf-inch  gun.  6  men  were  killed  and 
19  wounded.  The  court  of  inquiry  investigating  the  accident  reported 

it  as  due  to  a  fault  in  the  breech-loading  apparatus.  It  appears,  that 
owing  to  a  missfire,  a  new  striker  was  being  inserted,  and  that  the 

breech  plug  was  prematurely  swung  to  before  the  operation  of  insert- 
ing the  safety  device  had  been  completed. 

The  striker  was  not  properly  in  place,  but  protruded  so  far  that  when 
an  attempt  was  made  to  close  the  breech,  au  explosion  occurred  before 
the  plug  was  locked. 
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Another  report  states  that  an  electric  primer  had  failed,  and  a  per- 
cussion primer  was  substituted  therefor.  Upon  the  breech  being 

swung  to  a  premature  explosion  took  place. 
Details  of  the  accident,  other  than  the  foregoing,  have  not  been 

available. 
EXPLOSION  0>  BOARD  THE  DANISH  GUNBOAT  MOEN. 

In  September,  1901,  the  administration  of  the  Danish  navy  wished  to 

carry  out  some  experiments  with  explosive  shell  on  board  of  ships. 
To  that  end  20  rounds  were  to  be  fired  from  the  26-centimeter  (10.24- 
inch)  gun  of  the  old  gunboat  Moen  and  30  rounds  from  the  turret 

guns  of  the  battleship  Skjold.  Both  ships  were  at  anchor  beyond 
the  Fort  Mittelgrund  in  the  northern  channel.  The  firing  was  to  be 
commenced  on  board  the  Moen.  The  20  shells  had  been  stored  in  the 

powder  chamber  situated  under  the  gun,  each  shell  filled  with  26  kilo- 
grams (57  pounds)  of  picric  acid.  The  cartridges,  with  an  aggregate 

of  600  kilograms  (1,322  pounds)  of  powder,  were  likewise  in  the  pow- 
der chamber. 

As  a  precautionary  measure  the  men  were  all  transferred  from  the 
Moen  to  the  Skjold,  anchored  about  400  meters  (437  yards)  distant, 
from  where  the  gun  was  fired  electrically.  The  Moen  had  steam  up. 
There  does  not  appear  to  have  been  much  confidence  in  the  shell  from 
the  outset,  for  at  the  first  two  rounds  all  the  men  on  board  the  Skjold 
were  sent  into  positions  of  safety.  At  the  third  round  there  was  a 
tremendous  explosion.  The  whole  forward  half  of  the  Moen  was 
blown  into  the  air,  while  the  after  half  sank  in  a  few  minutes.  Beams 

were  limlcd  as  far  as  the  Skjold  and  splinters  hurled  down  upon  her, 
driving  the  men  hurriedly  back  to  the  positions  of  safety  which  many 
had  left  when  two  shells  had  worked  all  right.  No  one  was  injured. 
Jt  was  ascertained  by  divers  that  the  whole  forward  half  of  the  ship 

had  been  blown  into  atoms,  including  the  10.24-inch  gun.  The  sup- 
position is  that  the  fuse  did  not  work  right  and  that  the  shell 

exploded  in  the  bore  and  shattered  the  gun,  causing  the  17  shells  and 
the  powder  to  explode.  The  engine  is  said  to  have  been  a  confused 
mass  of  ruins;  the  boilers  probably  exploded. 

The  old  Moen  had  no  value  as  a  fighting  ship. 

I  Hk  TORPEDO  ACCIDENT  OB  BOARD  THE  FRENCH  BATTLESHIP  JAUREOUIRERRT. 

Th<-  accident  took  place  on  January  22,  and  resulted  iii  the  wound- 
ing of  four  men  one  of  them  mortally.  The  following  particulars 

are  from  the  evidence  tendered  at  tin-  inquest  on  this  unfortunate  man. 
The  -!ii|>  w:i-  about   to  <-\<l<i-e  torpedoes  and  the  civw    of  four  wen' 

about  tin-  tube    an  L8  inch  one.     The  reservoirs  of  these  are  usually 
charged  to  90  atmospheres,  hut  before  acceptance  have  to  underg 

up  to  L80  atmospheres  or  more.     In  this  particular  case,  however, 

•  I"'  torpedo  was  charged  at  80  atmospheres  onlj   at  the  moment  of 
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explosion.  It  was  apparently  being  charged  at  the  time.  It  hurst 
without  the  slightest  warning,  fracturing  both  thighs  of  the  torpedo 

artificer,  who  was  standing  nearest  it,  and  giving  him  a  violent  con- 
cussion, from  the  combined  effect  of  which  he  died.  The  other  three 

men  farther  away  were  chiefly  injured  by  being  hurled  on  deck 
through  the  shock  and  rush  of  air. 

The  explanation  of  the  disaster  given  at  the  inquest  was  briefly  as 

follows:  The  torpedo  thus  charged  ;'was  exceedingly  fragile,  owing 
to  the  immense  pressure  upon  the  interior  of  the  air  chamber,"  and 
no  torpedo  in  the  French  service  when  in  this  condition  can  be 

relied  upon  to  stand  a  shock  on  the  reservoir  or  its  parts.  By  acci- 
dent, or  carelessness,  this  particular  one  was  struck,  the  wall  ruptured, 

and  the  explosion  then  ensued.  Attention  was  drawn  to  a  previous 
accident  of  a  precisely  similar  nature  on  board  the  same  ship.  This 
was  some  years  ago,  and  with  a  submerged  tube.  The  torpedo  in 

leaving  the  tube  exploded,  breaking  the  bar.  So  far  as  can  be  gath- 
ered from  the  somewhat  conflicting  reports  that  were  current,  this 

accident  was  attributed  to  the  bar  grazing  the  side  of  the  air  chamber. 

Last  year's  explosion  in  the  St,  Louis  was  attributed  to  a  graze  from 
the  spoon — practicalh7  the  same  thing. 

These  three  accidents  give  the  impression  that  French  torpedoes  are 
exceedingly  delicate  things  to  handle.  They  are  of  the  Whitehead 
pattern.  Most,  or  all,  are  made  at  the  Government  factory  at  Toulon. 
This  torpedo  possessed  the  following  characteristics: 
Diameter   17.72  inches 

Length   16  feet  5  inches 
Speed   29.5  kn<  its 
Charge  (gun  cotton)   198  pounds 

The  impression  prevails  that  the  weight  of  the  shell  and  fittings  of 
this  torpedo  had  been  reduced  in  order  to  allow  an  unusually  heavy 
charge  of  gun  cotton  to  be  carried. 

AN   EXPLOSION   OF  PARTLY   MANUFACTURED   BLASTING    VKLATIN. 

On  the  morning  of  January  lti,  1902,  at  the  factory  of  Noble's 
Explosives  Company,  an  explosion  of  partly  manufactured  blasting 
gelatin  took  place  under  the  following  conditions: 

A  car  loaded  with  three  wooden  tubs,  each  containing  177-f  pounds 
of  hand-mixed  blasting  gelatin  left  the  filter  house  for  the  purpose 
of  depositing  the  partly  mixed  explosive  in  one  of  the  magazines, 

where  it  was  to  remain  all  night  to  gelatinize  prior  to  machine  mixing. 
On  arriving  at  the  rwitch  opposite  the  wash  house,  the  car  left  the 
rails  and,  during  the  operation  of  replacing  it,  the  explosion  occurred. 

The  bed  of  the  car  was  18  inches  from  the  ground.  The  explosion 
tore  a  hole  in  the  ground  20  feet  long,  15  feet  wide,  and  3  feet  deep. 
while  the  three  men  accompanying  the  car  were  blown  to  shreds, 
Nothing  remained  of  the  car. 
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From  statements  made  by  men  in  sight  of  the  car,  but  not  seriously 
injured,  it  would  appear  that  the  disaster  was  due  either  to  concussion 
of  the  steel  car  wheels  on  the  steel  rails,  or  the  action  of  the  leading 
car  man  setting  the  switch  with  his  hobnailed  shoes,  assuming  in 
either  case  that  some  nitroglycerin,  or  partially  gelatinized  blasting 
gelatin,  had  been  previously  spilt. 

The  investigation  resulted  in  a  recommendation  that  the  tubs  used 
should  be  fitted  with  covers;  that  they  should  be  right  cylinders 
instead  of  inverted  truncated  cones,  and  that  the  steel  nails  in  the 

shoes  of  the  tram-car  men  be  replaced  b}^  copper,  or  other  soft  metal. 
The  presence  of  nitroglycerin  on  the  rail  could  be  accounted  for  by 

its  having  been  spilt  during  the  derailment  of  the  car,  or  by  a  small 
leak  in  the  tubs.  The  weather  was  cold,  and  the  mixture  would  be 
more  liquid  than  otherwise  would  have  been  the  case,  gelatin ization 
taking  place  more  freely  when  the  nitroglycerin  is  warm  than  when  it 

>ld. 

The  three  tubs  were  of  wood,  brass  bound,  and  separated  at  the  top 
edges  by  several  inches. 

PKEMATUBE  EXPLOSIONS  IN  IJU1CK-EIRING  GUNS. 

in  view  of  the  frequency  of  premature  explosions  on  board  ship, 

the  following  comments,  from  the  Arm}T  and  Navy  Gazette,  are  quoted: 
The  serious  accidents  which  ha\e  repeatedly  occurred  during  the  last  couple  of 

-  in  England,  France,  Russia,  and  Sweden  from  premature  explosions  in  quick- 
firing  guns  of  larger  calibers  necessitate  reliable  explanation  as  to  their  cause  and 
thorough  research  of  means  for  their  prevention.      It  is  urgent  that  this  should  be 
done  at  once,  because  such  accidents  will  evidently  occur  more  frequently  when  the 

become  worn  by  long  service.     Full  light  should  be  thrown  upon  all  surround- 
ircumstances,  without  too  much  consideration  for  the  feelings  of  constructors 

and  without  giving  too  much  weight  to  the  question  of  cost  of  changing  the  present 
sins  in  case  these  should  be  found  faulty.     If  due  explanation  of  the  faults  and 

of  the  means  by  which  they  can  be  corrected  is  too  long  deferred  the  change  ulti- 
ly  will  become  more;  expensive,  the  greater  the  number  of  guns  of  unsafe  types 

that  are  meanwhile  acquired,  with  the  risk,  of   incalculable  importance,  that  the 
gunners  may  become  afraid  of  their  own  weapons. 

1  he  firsl    step    toward    increased    rapidity  of   fire    was  the  adoption    of   breech- 
loading  guns  in  lieu  of  the  old   muzzle-loaders.     Many  countries  started  with  their 
own  constructions  <»i  breech  mechanisms,  but  since  the  French  breech  screw,  with 

rrupted    thread-  and   with   De   Bange's  gas  check,    proved    superior  to   Krupp's 
o  which   De  Banj  tern  could  not  he  applied,  most  countries  have,  like 

and,  adopted  the  French  type  for  ordinary  breech-loading  guns  of  calibers  from 
•'  Inches  upward  t   t<»  the  mitrailleuses,  or  machine  guns,  real  quick  firing 

ied  out  in  smaller  single-barrel  guns  up  to  the  Impounder,  and  the  con 

>tr"' '  ich  guns  gained  the  special  detail  experience  of  ;vJI  the  precautions  which- 
found  imperative  \<>v  the  aafel  j  of  quick  firing  guns  string  metal  cartridges  car* 

'  their  own  mean-  of  ignition.     For  such  smaller  guns  no  trouble  has  therefore 
'in  the  use  of  metal  carti  >u1  when  the  necessity  made  Itself  fell  t.» 
the  rapidity  of  fire  also  o!   largi  the  difficulties  commenced,  several 

tried  t..  retain  the  interrupt*  -i  screw  lu  order  to  save  expense,  \\  bile 

L800     02         \:', 
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inserting  into  it  new  firing  arrangement*  and  other  modifications  expected  to  suit 

quick  firing  with  metal  cases. 

This  led  to  repeated  accidents,  and  this  system  soon  proved  itself  unsafe  and 

unsuitable  for  quick  firing,  when  the  powder  charges  were  put  into  metal  cases,  and 

for  the  following  reasons: 

(a)  The  breech,  screw,  on  being  pushed  home  with  considerable  force,  strikes  the 

base  of  the  cartridge  case  so  hard  that  the  primer  can  be  ignited  by  vibration;  it 

has  been  proved  that  when  a  blow  strikes  the  base  at  certain  distances  outside  the 

primer  the  wave  of  vibration  is  almost  sure  to  ignite  certain  types  of  primers. 

(6)  The  firing  pin  in  the  center  of  the  breech  screw  is  always  in  line  with  the 

primer  in  the  cartridge  case  when  the  breech  screw  is  pushed  home;  if  the  firing  pin 

is  fixed  with  its  point  outside  the  face  of  the  breech  screw  (in  case  the  firing  pin  is 

broken  or  held  in  that  position  by  powder,  dirt,  or  from  other  causes),  the  primer 

is  struck  and  ignited  by  the  protruding  firing  pin  before  the  breech  can  be  safely 

closed  by  turning  the  screw  into  the  threads  of  the  gun. 

(c)  Recent  official  trials  have  proved  that  if  the  firing  pin  is  not  thus  fixed,  but 

rests  free  in  its  groove  with  the  point  protruding,  the  primer  is  nearly  always  ignited 

by  the  inertia  of  the  firing  pin,  held  forward  by  the  initial  pressure  of  its  spring,  when 

the  breech  screw  is  pushed  home  with  force  against  a  cartridge  case  fully  inserted 

into  the  chamber.  The  firing  pin  can  often  be  inadvertently  left  in  this  position  if 

it  has  slipped  off  the  trigger  comb;  when  certain  parts  of  the  mechanism  may  be 
broken;  when  the  spring  may  accidentally  not  have  been  armed,  etc. 

((7)  It  may  be  said  that  accidents  of  this  kind  do  not  often  happen,  but  they  are 

sure  to  become  more  frequent  when  the  guns  become  worn,  and  there  appears  to 

be  no  justification  for  continuing  to  make  or  purchase  guns  of  a  system  which  almost 
seems  to  invite  accidents. 

(e)  Electric  ignition  for  quick-firing  guns  with  interrupted  screw  does  not  diminish 
the  risk,  because  the  contacts  are  also  in  line  before  the  breech  is  closed,  so  that 
failure  of  electric  action  will  cause  ignition  and  premature  explosion. 

(/)  In  case  of  ruptured  cartridge  cases  or  pierced  caps  the  interrupted  screw  doei 
not  allow  of  sufficient  space  for  the  escape  of  powder  gases. 

(g)  Whenever  premature  explosions  do  occur  before  the  breech  is  safely  c 

the  accident  becomes  more  disastrous,  because  the  breech  screw  is  held  only  by  its 

hinge,  and  all  the  parts  of  the  mechanism  are  projected  out  of  the  gun  like  so  many 

projectiles. 
(h)  The  inconvenience  already  experienced  in  ordinary  breech-loading   guns   of 

this  system  of  opening  the  breech    by   swinging  the  mechanism  outside  the  gun 
becomes  still  more  serious  with  quick  firing;  when  the  vessel  rolls  the  breech  screv 

apt  to  swing  to  and  fro  like  a  banging  door,  with  much  risk  of  jamming  the  hands 

of  the  gunners. 

For  larger  guns,  above  6-inch  caliber,  metal  cases  may,  perhaps,  become  too  costly 
and  quick  firing  anyhow  difficult.  In  such  guns  the  De  Bange  gas  check  gives  much 

satisfaction  and  the  risk  of  premature  explosions  can  be  minimized  by  introducing 

into  the  mechanism  means  of  manifold  safety,  which,  with  ordinary  rapidity  of  firing. 

there  would  be  plenty  of  time  for  operating. 

The  most  important  question  for  the  moment  is  how  to  make  quick  firing  safe  in 

medium-sized  guns,   calibers  from  3  to  6  inches.     Pending  definite  decision  ii] 
this  question,  it  has  been  suggested  as  a  necessity  to  reduce  the  rapidity  of  firing  by 
instructing  the  gunners  to  avoid  all  quick  and  violent  movements;  this  seems  to 

an  unreliable  makeshift,  as  such  instructions  will  soon  be  forgotten  when  the  gun- 

ners are  exposed  to  the  enemy's  fire.      It  has  also  been  proposed  to  use  the  De  Bai 
breech  without  metal  cases,  but  this  makes  any  attempts  at  real  quick  tiring  quite 

futile  and  gives  rise  to  other  serious  disadvantages.     There  will  always  be  the  dang 

of  burning  particles  left  in  the  chamber,  unless  it  is  carefully  sponged  out  after  cacti 
shot. 
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The  accident  on  board  the  Mars,  where  metal  cases  were  not  used  and  ignition 
was  effected  by  electricity,  shows  the  danger  of  the  silk  bag,  in  which  the  powder 
charge  was  inclosed,  being  insufficiently  ignited  and  left  smoldering,  until  it  flamed 
up  on  the  access  of  air  when  the  breech  was  opened.  When  a  metal  case  is  not  used 
it  is  more  difficult  and  takes  longer  time  to  ascertain  that  the  projectile  is  fully 
home,  failing  which  the  erosion  becomes  greater,  and  it  is  possible  that  a  shell  with 

double-acting  fuse  may  explode  in  the  bore  of  the  gun.  The  metal  case  is  of  con- 
siderable assistance  for  pushing  home  the  projectile,  and  anyhow  prevents  the  breech 

from  being  fully  closed  unless  the  projectile  full}7  bears  against  the  rifling.  The 
powder  can  not  be  so  well  protected  in  other  ways  as  in  metal  cases,  and  upon  thor- 

ough investigation  of  the  entire  question  it  will  probably  be  admitted  that  the  use 
of  metal  cartridge  cases  is,  perhaps,  the  most  important  part  of  a  really  effective 

quick-firing  system. 
Many  attempts  have  been  made  in  recent  years  to  solve  the  problem,  and  it  is  of 

interest  that  while  France  was  the  first  country  in  which  the  De  Bange  gas  check 
ised,  that  country  seems  again  to  be  first  in  adopting  into  its  army  as  well  as  its 

navy  the  apparently  safest  breech  mechanism  for  quick-firing  guns  with  metal  cases 
in  the  excenter  screw  breech  mechanism  which  has  been  adopted  for  the  new  French 

quick-firing  field  gun,  and  which — like  De  Bange's  breech — will  probably  soon  come 
into  general  use  in  most  countries. 

The  leading  features  of  the  system  are  said  to  be  the  following: 
(1)  The  breech  block  is  not  pushed  forward  against  the  cartridge  case,  which  is 

wedged  into  its  proper  position  by  the  sloping  surface  of  the  excenter  screw,  thus 
removing  the  risk  of  premature  explosion  by  vibration  during  the  loading  operation. 

(2)  The  firing  pin  can  never,  even  accidentally,  be  brought  into  line  or  into  con- 
tact with  the  primer  until  after  the  breech  is  so  far  closed  that  no  accident  can  occur 

from  the  firing  pin  accidentally  striking  the  primer,  or  when  fired  electrically,  from 
faulty  electric  action. 

(3)  There  is  consequently  no  necessity  in  the  firing  mechanism  for  any  safety  gear, 
which  might  be  apt  to  get  out  of  order  or  inadvertently  become  inactive. 

(4)  No  risk  is  incurred  from  using  metal  cartridge  cases  carrying  their  own  means 
of  ignition  if  the  primer  is  covered  by  a  safety  clip,  which  is  removed  only  at  the 
time  of  loading,  or  if  the  primer  is  inserted  into  the  case  after  this  is  brought  to  the 
gun  from  the  ammunition  magazine. 

(5)  The  powder  charge  is  thus  fully  protected. 
(6)  As  the  breech  can  not  be  closed  until  the  projectile  is  pushed  home  by  the 

metal  case,  the  erosion  will  be  the  smallest  i)ossible,  as  well  as  the  risk  of  explosion 
of  shell-  in  the  bore  of  the  gun. 

(7)  In  case  of  a  ruptured  cartridge  case  the  powder  gases  are  free  to  pass  out 
through  the  open  space  into  which  the  breech  block  is  turned  when  the  breech  is 
opened. 

centric  breech  block  always  remains  in  the  breech,  with  as  Large  a  bear- 
ing surface  for  the  threads  when  the  breech  is  open  as  when  closed;  in  the  improb- 

able case  of  premature  explosion,  the  only  piece  that  can  be  projected  to  the  rear  is 
the  base  of  the  metal  case. 

The  mechanism  occupies  no  more  space  when  open  than  when  closed  and 
there  i-  no  inconvenience  for  the  gunners  in  a  sea  way. 

ccenter  screw  is  used  foi  il  calibers,  from  thai  of  field  gun  up  to 
5  and  <;  inch 

'1  In-  co-t  of  metal  cartridge  cases  over  and  above  that  of  other  means  of  protecting 
the  powder  charges,  in  the  magazine  and  when  carrying  them  up  to  the  gnus,  is  not 

";ii  importance  at  has  sometimes  been  said,  because  old  cases  won  1. 1  tnostlj 
ed  for  gun  practice  in  time  of  peace.     Anyhow  ,  metal  i  i   better  means  of 

obturation  than  even  De  Ban  check.     Perhaps  the  r>  iment  In  favor  oi 
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mechanisms  in  which  the  cartridge  cases  are  not  subjected  to  blows  and  the  firing 

pin  is  not  brought  into  line  with- the  primer  until  after  the  breech  is  closed,  is  the 
fact  that  while  other  countries  are  hesitating  to  use  metal  cases  with  the  interrupted 
screw,  Germany  is  said  to  contemplate  the  adoption  of  such  cases  for  even  larger 

caliber  than  6  inches  with  Krupp's  old  wedge  mechanism,  which  offers  these  two  ad- 
vantages, though  in  other  respects  not  free  from  drawbacks. 

If  upon  thorough,  investigation  the  above  statement  of  the  principal  features  of  the 
excenter  screw  mechanism  proves  correct,  that  gun  may  be  said  to  offer  the  greatest 
security  against  accidents,  as  its  safety  depends  entirely  upon  the  construction  of  its 
mechanism  and  is  independent  of  any  breakage  of  its  parts,  and  of  any  failure  of  the 

gunners  to  follow  instructions;  or,  in  other  words,  that  the  gunners  can  not  inad- 
vertently make  it  dangerous  for  those  who  serve  it. 



III. 

ENGINEERING  NOTES 

By  Lieutenant  Charles  L.  Poor,  U.  S.  Navy, 

Staff  Intelligence  Officer. 

GENERAL  NOTES. 

Since  the  issue  of  the  last  annual  of  this  office,  naval  engineering 

has  been  developed  and  discussed  most  thoroughly  in  regard  to  boil- 
ers. There  is  little  that  is  new  to  be  recorded  in  regard  to  engines. 

There  is  an  extended  use  of  quadruple-expansion  and  four-cylinder 

triple-expansion  engines.  The  question  of  triple  screws  continues  to 
be  agitated,  and  though  the  great  weight  of  naval  opinion  seems  to  be 

■gainst  their  use,  the  principle  is  gaining  advocates,  particularly  in 
France,  where  most  of  the  new  large  vessels  are  3  screw,  and  in  the 

German  navy,  where  the}^  have  been  tried  with  distinct  success,  and 
the  German  officers  do  not  acknowledge  entirely  the  most  serious 

(barge  against  the  triple  screw— reduced  maneuvering  powers. 
Recently,  the  battleship  Kaiser  Wilhelm  //,  while  passing  three  times 
through  the  Kiel  Canal  at  low  speed,  was  controlled  with  great  ease 

by  the  following  novel  method: 
By  going  ahead  at  a  speed  of  5  knots  with  the  middle  screw  and 

hacking  equally  on  both  side  screws  at  3  knots,  the  vessel  had  a  net 

speed  ahead  of  2  knots,  when  the  ship  was  under  as  perfect  control  as 
when  steaming  fast.  The  water  thrown  against  the  rudder  was  that 

for  a  5-knot  speed. 
Modern  engineering  practice,  with  its  high  steam  pressures  and 

ii  piston  speeds,  is  being  confrontedjwith  several  serious  questions 

in  design,  chief  among  them  being  those  of  safe  and  tight  piping 

and  joints  and  (he  proper  balancing  of  high-speed  engines.     Consid 
arable   attention    i-    being   paid    to    these    points,  and    during    the  pa-t 

year  a  cumber  of  valuable  paper-  and  reports  have  appeared  upon 
these  subject 

The  pi  of  the  steam  turbine  in  na\al  engineering  received  a 

\y\\  serious  setback  last  summer  in  the  losses,  within  a  short  time  of 
19; 



198 

each  other,  of  the  British  destroyers  Viper  and  Cobra,  with  which  the 
Admiralty  was  to  make  exhaustive  tests.  The  Viper  had  already 
undergone  a  series  of  successful  trials  and  was  rendering  valuable 
service  in  the  naval  maneuvers  at  the  time  of  her  loss.  The  Cobra 

was  on  her  way  from  the  builders  to  be  turned  over  to  the  Admiralty 
finally  at  Portsmouth  dockyard,  so  that  little  data  were  obtained  from 
her.  Experience  with  the  Viper  showed  that  higher  speed  could  be 
realized  with  turbine  engines  than  with  ordinary  engines  in  a  destroyer 
with  similar  dimensions  and  form.  Turbine  engines  do  not  occupy 
less  space  necessarily  than  vertical  engines,  but  they  are  much  less  in 
height  and  can  much  more  easily  be  kept  below  the  water  line.  They 
are  almost  entirely  free  from  vibrations,  but  they  required  a  greater 

engine-room  and  boiler-room  complement  in  the  Viper  than  in  ordinary 
destroyers  of  the  same  size. 

In  mercantile  engineering  the  steam  turbine  has  been  very  success- 
fully applied  in  the  250-foot  Clyde  passenger  steamer  King  Ed/voard^ 

in  which  three  compound  steam  turbines  were  installed  side  by  side. 

Each  turbine  has  its  own  shaf tinp-  and  on  each  of  the  wing1  shafts  there 
are  two  propellers,  while  the  center  one  carries  only  a  single  screw. 
When  coming  alongside  a  pier  or  maneuvering  in  close  quarters  the 

wing  motors  alone  are  used.  The  high-pressure  turbine  is  then  shut 
off,  the  steam  admission  valve  being  closed,  while  connection  between 

it  and  the  low-pressure  turbine  is  also  shut  off  by  an  automatic 
arrangement. 

There  are  special  turbines  placed  inside  of  the  exhaust  ends  of  the 

low-pressure  turbines  for  going  astern  with  the  wing  screws.  The 
whole  of  the  maneuvering,  except,  of  course,  for  the  rudder,  is  effected 

by  manipulation  of  valves  in  a  simple  manner.  The  feed  and  circu- 
lating pumps  and  blowers  are  worked  separately.  The  main  air  pumps 

work  b}T  worm  gearing  from  the  wing  shafts,  but  there  are  auxiliary 
air  pumps  actuated  by  the  circulating  pump  engines,  for  use  when  not 
under  way.  The  weight  of  engines,  propelling  machinery,  condensers 
with  water  in  them,  etc.,  is  said  to  be  about  half  the  weight,  per  ton 
I.  H.  P.  developed,  of  the  average  machinery  of  paddle  boats  of  a 
similar  type.  The  vessel  was  handled  and  controlled  with  great  ease 
in  service  on  the  regular  trips. 

The  British  Admiralty  is  determined  to  carry  on  experiments  on  an 

even  greater  scale  with  turbo-motors,  and  a  notable  step  has  been  taken 
in  their  decision  to  fit  a  new  third-class  cruiser,  to  be  built  at  Elswick 
with  Parsons  turbines.  A  sister  vessel  to  be  built  at  Birkenhead  is  to 

have  ordinary  reciprocating  engines,  so  that  we  shall  have  an  excellent 
opportunity  to  judge  from  thorough  comparative  tests  the  relative 

merits  of  the  two  s}^stems.  The  new  vessels  are  to  be  300  feet  long. 
41  feet  wide,  and  14  feet  6  inches  draft,  21f  knots  speed,  and  3,000  tons 
displacement,  which  craft  should  be  large  enough  to  afford  us  more 



199 

reliable  comparison  than  destroyers.  The  specifications  call  for  18 

I.  H.  P.  per  ton  of  machinery,  which  calls  for  about  the  highest  con- 
venient attainment,  and  puts  the  Parsons  turbine  to  a  severe  test. 

In  addition,  the  Admiralty  has  purchased  the  210-foot  turbine 
destroyer  Velox,  which  presents  the  novel  features  of  having  both  tur- 

bine and  reciprocating  engines. 
In  general  design  of  the  hull  she  resembles  an  ordinary  destroyer 

of  the  most  recent  class,  but  especial  attention  has  been  paid  to  the 

strength  of  the  structure;  indeed,  the  builders  claim  she  is  the  strong- 
est destroyer  yet  built.  The  main  propelling  machinery  is  substan- 

tially similar  in  principle  to  that  which  has  been  placed  in  other 
vessels  having  Parsons  steam  turbine  engines.  There  are  two  sets  of 
compound  turbines,  one  on  each  side  of  the  engine  room.  The  high 
and  low  pressure  turbines  have  each,  respectively,  their  own  shafting; 
so  there  are  four  shafts,  and  on  each  shaft  are  two  propellers.  These 

are  the  main  engines  for  high-speed  steaming,  but  for  ordinary  cruis- 
ing the  auxiliary  propelling  system  is  brought  into  play.  It  consists 

of  two  small  sets  of  triple-compound  marine  engines  of  the  ordinary 
type,  which  are  coupled  directly  to  the  main  turbines,  but  can  be  dis- 

connected at  will.  Steam  is  taken  directly  from  the  boilers  to  these 
small  engines,  and  from  them.it  passes  to  the  turbines,  and  in  this 

way  to  the  condensers.  That  is  for  the  low-cruising  speeds;  but  when 
I  >omewhat  higher  rate  of  steaming  is  required,  steam  from  the  boil- 

er- is  also  admitted  to  the  turbines.  When,  however,  the  maximum 
power  has  to  be  developed,  and  the  propellers  would  be  running  at  a 
rate  of  turning  at  which  it  would  be  unsafe  to  try  the  reciprocating 
engines,  the  latter  are  thrown  out  of  gear  and  the  turbine  engines  alone 
are  used.  The  advantages  of  the  system  are  manifest.  An  engine 
designed  for  the  full  power  required  for  moderate  speeds  will  naturally 

be  more  economical  than  one  far  too  big  for  the  purpose.  The  prac- 
tical working  out  of  the  idea  will  be  watched  with  interest.  For 

reversing  purposes  blades  are  fitted  in  the  exhaust  casing  of  the  low- 
Mire  cylinders.  The  boilers  are  of  the  modified  Yarrow  type,  and 

are  the  same  as  those  fitted  in  the  30-knot  destroyers,  being  about  13 

per  <ent  smaller  than  the  Viper's  boilers;  they  have  a  total  heating 
surface  of  13,000  feet.  It  is,  however,  anticipated  that  the  new  ves- 

sel will  have  about  the  same  speed  a&theViper.     Arrangements  are 

to  be  introduced  in   the  shape  of   U'^l  heaters,  etc.,  for  securing   high 
MOI|]\  . 

(  onsiderable  attention  Is  being  paid  abroad  to  fche  construction  and 

equipment  of  steam  launches  and  vedette  boats  supplied  to  men-of-war. 
Much  improvement  has  been  effected  in  speed  and  weatherly  qualities 
in  these  small  craft. 

During  the  summer  of  1900,  when  the  vessels  of  Great  Britain, 
France,  Russia,  Germany,  Italy.  Japan.   Holland.  Austria,  and  the 
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Unit  States  ere  gathered  together  in  the  Gulf  of  Peehili.  in  north 

China,  there  was  an  excellent  opportunity  for  observing-  the  seagoing 
qualities  of  their  launches  under  all  conditions  of  weather.  It  v 

the  general  opinion  then  that  the  Austrian*  had  in  their  47-foot  half- 
decked  launch  the  most  seaworthy  type  of  all.  They  remained  down 
at  the  boom  or  cruising  about  when  the  boats  of  the  other  vessels  had 
to  be  hoisted  inboard,  and  in  such  weather  that  an  English  launch  w  a 

swamped  alongside  of  her  ship. 
The  following  notes  on  English  and  foreign  launches  are  copied 

from  a  lecture  bv  Mr.  E.  C  Carnt.  read  before  the  '       sgow  Inter- * 

national  Engineering  Congress,  1901: 

From  1883  onward  the        .     ■  made  in  marine  engir.  .     nd  shipbuilding  has 

been  reflected  on  the  designs  of  the  small  craft  under  rev;  hanges  have  grad- 
ually 1  >een  made  in  the  56-foc  I  fc  dee  a  :he  hulls  have  been  modified,  a  rifle- 

proof  conning  tower  ha*  >>een  fitted  forward,  the  side  air  casings  or  lifeboat  principle 
has  been  abolished,  and  the  boats  divided  up  into  water-tight  compartments  by 
bulkheads.  The  engines  and  boilers  are  cased  over,  and  the  boat  decked  in  right  aft 

to  the  cockpit.     The  indicated  how  er  has  been  increased,  water-tube  bo:.     - 
substituted  for  the  locomotive  type,  and  as  a  result  the  56-foot  service  vedette  boat  of 
to-day  will  travel  at  16  knots  while  devek  ping  25  -epower.  carrying  a 
load  of  12  persons  and  with  25  hundred  weight  of  coal  in  the  bonkers,  th  ght  of 

machinery  with  steam  op  r>eing  7  tons  15  hundredweight.  The  turn-about  principle 
has  been  retained,  and  this  very  fast,  handy  x  oat  might  easily  be  called  the 

'•hansom  cab"  of  the  fleet  a-?  compared  with  the  next  size,  the  useful,  hard-working 
ur-wheeler"  40-foot  pinnace.     This  boat  is  a  deadwood  boat  as  distinct  from  a 

"turn-about.*'  has  a  specified  indicated  horsepower  of  75^  and  obtains  a  speed  of 
about  9^  km  te 

It  is  decked  in  and  machinery  cased  over  as  far  aft  as  the  cockpit;  the  lifeboat 

principle  of  air  as!  ge  -  baearded  except  in  the  fore-part,  abaft  the  collision  bulk- 

head: the  boat  is,  however,  divided  into  water-*.  I  mpartments  by  bulkheads 

carried  right  up  to  the  deck.     The  engines  run  a*   "  -volutio:.- 
water-tnbe  tyj:»e,  and  is  worked  under  forced  draft  on  the  closed-stock-hold  system, 
a  separate  fan  engine  being  fitted.     The  e:  _  re  surface  condensing,  a  pipe  con- 

denser being  placed  outside  the  boat  dot  keeL     These  boats  are  fitted  with 

offensive  weapons,  t^  irpedo-dropping  gear,  and  a  small  gun. 
In  flagships  a  modified  40-foot  pinnace  is  carried  as  a  barge  for  the  admiral  com- 

mander in  chief,  unlea^  the  flagship  h.  a  -:ing  derrick,  as  in  second-class 
cruisers,  when  a  32-foot  1  »arge  only  is  carried. 

The  barges  are  more  ornamental  than  the  pinnaces,  and  have  no  armament  fittings. 

The  other  standard  steamboats  are  th»     _        I  cutters  ano    .-  .    _   -   _"     ot  cut- 
ters, and  23-foot  cutters.     These.  fr<»m  th*-    _--     -         ta      >wn ward,  greatly  resemble 

the  32-foot  lifeboat  pinnace  built  in  ls67.  except  that  the  lifeboat  princip]- 
always  followed,  although  the  steam b  he  new  Mctoria  and  Albert  are  on  the 
old  lines,  and  lifeboats  throughout. 

The  surveying  boats  are  also  lifeboats. 

The  machinery  of  the  various  -  -  <f  boats  has  been  brought  up  to  date,  the 
engines  compounded,  a  pipe  surface  condenser  fitted  outside  the  boats,  and  a  fan 

worked  by  a  steel  spring  belt  from  the  main  engir.-  -  arges  air  into  the  ash  ] 
The  boaters  are  of  much  the  same  type  as  the  1S67  beer  -        I    working  in  conjunct 
with  condensed  water,  are  more  efficient  and  last  longer  than  in  the  old  high-pressure 
davs. 
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The  noise  of  the  funnel  exhaust,  together  with  its  occasional  shower  of  sooty  water 
from  the  top  of  the  funnel,  are  things  of  the  past. 

The  establishment  of  boats  of  the  various  classes  of  ships  in  the  British  navy  is  as 
follows: 

Pinnaces. Barges. Cutters. 

56  ft. 40  ft. 40  ft. 32  ft. 
32  ft. 27  ft, 23  ft. 

Fir^t-cla.ss  battleships   2 

2 

1 

1 

1 

1 

1 

1 

First-class  battleships,  if  flagship   1 

First-class  cruisers   

First-class  cruisers,  if  flagship   1 

Second-class  cruiser   1 

1 Second-class  cruiser,  if  flagship   1 

Third-class  cruiser   1 

Torpedo  gunboat   1 
1 

Sloop   

Surveying  ship   

J  
 

, 
1 

AYith  the  construction  in  this  country  of  war  ships  for  foreign  navies,  the  question 

of  equipment  of  steamboats  is  brought  forward,  and  we  find  the  Japanese  navy 

adopting  two  16-knot  56-foot  vedette  boats  and  an  open  boat,  as  the  steamboat 
equipment  for  the  battleship  Mikasa,  building  at  Barrow  by  Messrs.  Vickers,  Sons 
&  Maxim. 

The  Russian  Governments  require  two  56-foot  vedette  boats  and  two  40-foot  pin- 
Bacee  for  a  vessel  building  for  them  in  France.  These  four  boats  are  of  steel,  and 

very  fully  equipped. 

The  Austrian  Government  uses  a  47-foot  wooden  turnabout  boat  with  a  speed  of 
11  knots,  and  are  now  adopting  a  specially  fast  wooden  vedette  boat  56  feet  in 
length. 

In  connection  with  the  vessels  recently  built  by  Messrs.  Armstrong,  Mitchell  &  Co. 

for  the  Japanese  navy,  four  56-foot  vedette  boats  were  required. 
Messrs.  Armstrong,  being  always  in  the  front  where  speed  is  wanted,  asked  us  to 

consider  the  possibility  of  giving  these  four  boats  a  speed  of  17i  knots  under  cer- 
tain specified  conditions. 

These  required  careful  looking  into,  and  the  final  design  became  a  56-foot  boat, 
with  a  rain  bow  which  increased  the  water-line  length  about  9  inches. 

The  hull  was  very  carefully  lightened  consistent  with  durability  where  possible, 

and  the  total  weight  of  machinery  kept  down  to  8  tons.     The  engine  was  compound, 

w  ith 
Hi  /  IS 

cylinders.     A  water-tube  boiler  of  our  own  type,  with  a  workingpres- 

of  190  pounds,  was  fitted. 

Oil  our  own   private  trial  the  boat  gave  us  an  exhibiton  of  speed  that  we  scarcely 

hoped  for,  viz,  19$  knots.     The  engine.-  developed  320  indicated  horsepower  at  565 
ilutiona  without  vibration. 

asive  trials  were  carried  out  with  this  first  boat,  the  results  of 

which  are  plotted  on  the  curve  attached  on  the  official  trials  of  the  tour  boats,  with 
the  i<,ad  conditioi  eeified.    The  mean  results  were  as  follows: ..Iw 

li..i 

Indicated 
hoi 

power. 

Speed, 

i-  i 

Date 

N...  1 

.1- 

Kaj  2  1800 

Do .lllll. 

Do 
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These  four  boats  are,  we  believe,  the  fastest  vedette  boats  in  the  world. 
We  are  building  a  similar  boat  for  the  Austrian  Government.  This  will  shortly  be 

completed,  and  we  anticipate  equally  satisfactory  results. 
You  will  notice  that  even  so  far  back  as  1864  the  revolutions  of  the  engines  were 

high  (278  per  minute),  and  that  they  have  still  increased  until  at  the  maximum 
speed  of  the  four  boats  for  the  Japanese  navy  we  are  running  at  565  revolutions  per 

minute,  with  an  open  2-cylinder  compound  engine,  with  carefully  arranged  bal- 
ance weights  on  two  cranks  at  right  angles  to  each  other. 

Familiarity  and  experience  with  such  fast-running  engines  undoubtedly  led  Messrs. 
Belliss  &  Co.  (now  Messrs.  Belliss  &  Morcom),  who,  as  we  have  seen,  constructed 

all  the  machinery  for  Mr.  White's  boats  (up  to  the  year  1899,  when  an  engine  works 
was  started  at  Cowes  in  connection  with  the  ship  and  boat  building  shops),  in  the 

direction  of  their  " quick-revolution,  electric-light  machinery,"  a  later  development 
of  which  is  closing  in  the  engine  and  applying  forced  lubrication  to  the  bearings, 
with  a  view  to  running  for  long  periods  at  a  high  number  of  revolutions  without 
excessive  wear  and  tear.  This  class  of  machinery  is  doing  its  work  satisfactorily  for 

electric-light  stations  and  on  shipboard;  and  now  a  30-knot  torpedo-boat  destroyer, 
built  by  the  Palmer  Shipbuilding  Company,  of  Jarrow-on-Tyne,  fitted  with  a  forced 
lubrication  system,  and  with  engines  closed  in,  is  about  to  be  officially  tried  in  the 
Solent. 

We  have  looked  into  this  class  of  machinery  for  the  fast  vedette  boats,  and  have  a 
design  ready  for  use;  but  as  we  are  already  running  up  to  560  revolutions  with  an 
open  engine,  it  will  probably  be  some  time  before  this  number  will  need  to  be 
increased;  and  as  the  matter  of  wear  and  tear  is  hardly  one  which  seriously  affects 
boats  with  small  coal  supply  and  running  short  trips,  it  becomes  a  question  whether 
it  is  necessary  to  close  in  a  small  engine  and  make  it  less  accessible  for  examination. 

The  Admiralty  boats  are  all  built  of  teak,  and  undoubtedly  this  is  a  most  service- 
able wood  for  all  conditions  of  service  and  exposure  to  tropical  weather;  but  in  all 

the  early  boats  mahogany  was  invariably  used,  and  we  now  prefer  it  for  high-speed 
boats,  as  it  makes,  size  for  size,  a  lighter  hull,  and  may  be  considered,  for  all  prac- 

tical purposes,  equally  durable. 

COALING  MACHINERY. 

The  Spanish  war  showed  the  necessity  of  devising"  some  means 
whereb}r  vessels  might  be  coaled  at  sea  or  during  blockade.  The  ques- 

tion had  been  attacked  prior  to  this,  with  but  little  success,  both  by 

Great  Britain  and  France.  Nearly  twelve  years  ago  it  was  attempted 

and  accomplished  in  mid- Atlantic  by  Admiral  Sir  Michael  Culme  Sey- 
mour. The  ships  were,  however,  stationary.  Since  then  the  French 

have  tried  the  same  thing  under  way. 

The  first  coaling  at  sea  took  place  in  the  middle  of  August.  L890, 
some  500  miles  south  of  the  Azores,  and  1  j  ><  >< »  or  more  from  the  African 

coast,  with  2,000  fathoms  under  the  ships'  bottoms.  Thus  all  the  con- 
ditions of  being  at  sea  were  amply  fulfilled. 

The  ships  that  coaled  were  the  Camperdoum,  Ajax,  Audacious,  Iron 

Duke,  Northampton*  Ln mortal lite '.  Aurora.  Neptune,  Corujueroi',  am! 
Minotaur.  They  took  varying  amounts — in  all  cases  the  minimum 
necessary  to  take  them  back  to  Torbay,  some  1,800  miles  distant.  One 

ship,  the  Howe,  evaded  coaling,  and  had  to  go  into  Vigo;  the  rest, 

though  their  captains  protested  strongly  in  several  cases,  took  coal. 
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There  were  three  full  colliers  with  the  fleet,  and  each  ship  took  an 

average  of  350  tons,  at  the  usual  harbor  rate  or  nearly  so.  The  sea 

was  -mooth  to  look  at,  but  there  was  a  heav}r  Atlantic  swell.  Each 
collier  was  lashed  alongside  a  battleship,  with  thick  fenders  between. 
Toward  the  end  of  the  operation  the  swell  increased,  and  a  considerable 

amount  of  c '  moral  suasion  "  was  required  with  at  least  one  collier  cap- 
tain. The  coal  was  taken  in  with  derricks  at  the  main-deck  ports. 

One  or  two  ships  had  torpedo  booms  broken,  and  one  collier  sustained 
some  dents  in  her  sides;  but  no  material  damage  was  done.  The  ships 
were  kept  bows  on  to  the  swell,  and  so  there  was  no  rolling.  All, 
however,  pitched  somewhat,  and  the  colliers,  when  they  began  to  get 
light,  pitched  rather  violently.  It  was  this  pitching  which  did  such 

damage  as  was  sustained.  We  have  dealt  with  this  sea-coaling  at  some 
length,  because,  so  far  as  we  know,  it  was  the  first  effort  ever  made  in 
this  direction.  Its  strategical  value  was,  or  rather  might  have  been, 
great,  the  fleet  that  coaled  being  an  evading  one;  and  had  not  the 

Howe  put  into  Vigo  to  coal,  it  would,  thanks  to  this  coaling,  have  com- 
pletely achieved  its  object — the  destruction  of  a  mythical  trade  with- 

out its  whereabouts  being  known  to  an  enemy  who  trusted  to  discover 
it  by  its  having  to  go  and  coal. 

French  experiments  have  gone  on  intermittently  ever  since  1890 
with  vessels  under  way,  the  collier  being  lashed  securely  to  the  ship, 
and  then  the  latter  steams  ahead,  against  the  wind  generally.  It  is 
claimed  that  10  knots  has  been  reached  in  some  of  the  trials,  though 
this  was  necessarily  in  smooth  weather,  and  it  is  even  doubtful  if  this 

I  was  reached.  Use  was  made  of  Temperley  transporters  in  these 
experiments. 
The  experiences  of  the  Spanish  war  gave  a  great  impetus  to  the 

solution  of  this  problem,  and  recently  the  Russian  and  British  navies 

have  been  experimenting  with  systems  for  coaling  at  sea.  The  Rus- 
sian battleship  Retviswn  has  been  fitted  with  a  Lidgerwood-Miller 

cable  way.  The  traveler  is  operated  by  portable  electric  winches,  which 
may  be  transported  about  the  deck  to  positions  favorable  for  working 

able  way  ;it  sea.  In  addition,  there  is  a  hoisting  device  tor  taking 

on  coal  from  colliers  alongside  in  harbor.  So  equipped,  the  Retvimn 
may  either  tow  or  be  towed  by  the  collier. 

The  British  Admiralty  has  been  currying  on  a  series  of  experiments 
with  the  Temperley-Miller  cable  way,  originally  devised  and  success- 

fully operated  by  Mr.  Spencer  Miller. 

Il<  cooperated  with  Mr.  Temperley,  whose  transporters  are  in  gen 
oral  ii-<-  in  the  British  navy  for  coaling  purposes,  with  the  result  that 
with  improved  appliances  tie-  problem  appears  to  he  near  solution, 
rhe  collier  Muriel,  which  was  sent  to  Portsmouth  last  July,  was  fitted 
with  a  large  square  mast,  from  the  top  of  which  a  cable  \\:i\  extends 
to  the  quarter-deck  of  the  ship  to  be  coaled     For  the  purposes  of  the 
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experiments,  the  Trafalgar,  port  guard  ship  at  Portsmouth,  was  sup- 
plied with  the  necessary  gear,  and  after  several  preliminary  trials  of 

an  initial  character,  the  Trafalgar  put  to  sea  towing  the  Muriel,  whose 

engines  were  so  slowed  down  that  the}'  did  not  give  the  ship  steerage- 
way.  The  Trafalgar  then  steamed  head  to  wind  at  a  speed  varying 
from  8  to  10  knots,  but  from  time  to  time  one  ship  or  the  other 

sheered  off  a  straight  course  and  so  reduced  speed  of  coaling.  The 

Trafalgar  having  with  two  hawsers  taken  the  Muriel  in  tow,  the  main 

cable  was  hauled  on  board  the  Trafalgar  and  made  fast  to  her  main- 
mast about  10  feet  below  the  fighting  top.  The  tail  block,  through 

which  the  traveling  line  passed,  was  sent  to  the  Trafalgar  along  the 
main  cable  and  made  fast  about  -1  feet  below  the  main  cable  on  the 

Trafalgar's  quarter-deck  about  100  feet  abaft  the  mainmast.  A 
guidepost  was  erected,  through  which  both  these  ropes  passed  and 

were  so  adjusted  that,  controlled  by  fair  leads,  they  could  slide  up  and 

down  a  distance  of  about  30  feet.  Parenthetically  it  may  be  men- 
tioned that  any  war  ship  supplied  with  the  guidepost  as  tried  in  the 

Trafalgar  can  get  into  communication  with  a  collier  at  sea,  and  there 
is  no  need  for  boats  or  other  laborious  methods  of  conveying  cables 

from  ship  to  ship.  As  soon  as  the  ropes  had  been  made  fast  coaling 

began,  and  six  bags  of  coal,  each  containing  2  hundredweight,  were 
sent  from  the  deck  of  the  collier  to  the  mast  head  by  means  of  a  lift 

working  on  rails  on  the  side  of  the  mast,  and  were  then  transferred  to 

a  traveler.  The  traveler  containing  the  six  bags  of  coal  was  then 

drawn  across  to  the  battleship  by  a  steel-wire  rope,  which  was  coiled 

in  by  an  engine.  On  reaching  and  striking  the  tail  block  in  the  Traf- 
algar the  load  was  released  and  fell  on  the  deck  of  the  battleship. 

The  empty  trawler  was  then  drawn  back  to  the  collier  by  another  wire 

rope,  worked  by  another  engine,  and  at  the  beginning  of  the  return 

journey  the  fair  leads  were  hoisted  to  the  top  of  the  guideposts  by 

the  upward  strain  of  the  main  cable  and  secured  in  this  position. 

When  the  traveler  approached  the  guidepost  on  its  next  journey  the 

fair  leads  were  released  and  the  load  gradually  reached  the  deck  of 

the  battleship. 

Instead  of  using  a  sea  anchor  to  keep  an  equal  strain  on  the  main 

cable  between  the  vessels,  as  in  former  experiments,  the  same  result 

was  ingeniously  accomplished  by  the  use  of  a  main  cable  tension  engine 

which  automatically  keeps  the  cable  taut  while  permitting  its  length 
to  vary.  This  engine  has  two  13  by  13  inch  steam  cylinders,  and  is 

geared  to  a  slipping  drum.  The  engine  turns  in  the  same  direction 

all  the  time,  and  the  slipping  drum  is  given  a  definite  power  of  about 

5  tons  by  the  slip  of  its  friction  heads.  Hence  the  drum  maintains  a 

constant  pull  on  the  main  cable  revolving  one  way  and  then  tin4  other 
as  the  movement  of  the  ship  requires  greater  or  less  length  of  cable. 

The  two  ships  were  350  feet  apart,  measured   from  the  bow  of  the 

I 
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FIG.  2.— COAL  BAGS  IN  THE  ACT  OF  DROPPING. 
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FIG.    4.— COLLIER    MURIEL   WITH    ITS   RAILWAY    UP   MAST    AND  SENDING   COAL   TO   TRAFALGAR. 
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Murii  I  to  the  stern  of  the  Trafalgar,  and  a  steady  head  to  wind  course 

was  pursued  to  prevent  the  collier  from  drifting  on  to  the  battleship. 

The  operation  lasted  two  hours  and  fifty-five  minutes,  and  in  this  time 
89.8  tons  of  coal,  or  an  average  of  30.8  tons  an  hour  were  transferred 

from  the  collier  to  the  battleship.  The  quickest  run  was  forty-  seven 
seconds,  or  an  average  of  46  tons  an  hour,  and  it  is  believed  that  with 
further  experience  this  rate  of  coaling  at  sea  can  be  maintained. 
The  initial  experiments  were  all  carried  out  alongside  the  dockyard, 

and  the  last  trial  took  place  in  favorable  weather  at  sea,  but  it  is 
expected  that  the  next  trials  will  be  conducted  in  bad  weather  at  sea, 
in  order  to  give  the  apparatus  a  complete  test  before  it  is  finally 

adopted  in  the  service.  At  the  trial,  which  was  intended  to  demon- 
strate the  practicability  of  the  scheme,  only  six  bags  of  coal  were 

caiiied  at  each  journey,  but  there  is  no  reason  why  eight  bags  should 
not  be  carried,  thus  adding  25  per  cent  to  the  speed  of  coaling. 
The  accompanying  photographs  show  the  system  in  operation 

between  the  two  ships.  Fig.  1  shows  the  coaling  operation  at  sea. 

Fig.  'I  shows  the  first  operations  in  port  with  a  load  of  bags  just  being 
dropped  from  the  transporter.  Fig.  3  shows  the  transporter  and 

cablewa}7,  and  fig.  4  shows  the  mast  of  the  Muriel. 

LIQUID  FUEL. 

Much  attention  has  been  paid  during  the  past  year  to  the  subject  of 

liquid-fuel  firing  for  marine  boilers.  The  recent  great  discoveries  of 
oil  in  Texas,  California,  Japan,  and  Canada,  and  the  exploitation  of  the 
Borneo  and  Russian  fields  have  given  a  great  impetus  to  this  branch 
of  engineering.  Hitherto  the  lack  of  fields  and  their  practical 

monopoly  by  one  or  two  nations  have  been  a  great  hindrance  to  an}r 
usivc  adoption  of  oil  firing  by  nations  not  having  fields  of  their 

own.  and  whose  fuel  supply  might  be  cut  off  in  war  time.  Indeed, 
this  still  acts  as  a  barrier  to  the  extension  of  the  system  on  a  large 

-rule  other  than  as  an  accessory  to  or  in  conjunction  with  coal  burning. 
Though   Russia  remains  naturally  the  leading  exponent  of  liquid 

fuel,  and  ha-  exclusively  adopted  oil  firing  for  her  Caspian  and  to 
some  extent  for  her  Black  Sea  fleets,  France,  Italy,  Germany,  Hol- 

land,  Sweden,   and    Great    Britain    have   all   been   making  thorough 
•eriments  in  this  direction. 

In  Great  Britain  the  (rials  wilh  the  destroyer  Surly  have  been  eon 
tinued  throughout  the  year.    This  vessel  (see  No.  XIX.  p.  232,  and 

No.  XX.  p.  L>,s<n,  fitted  with  Ilolden  and  Rusden  c<:  Eccles  burners,  uses 
oil  a-  an  auxiliary  to  coal.    The  burners,  grate  arrangement,  and 
auxiliary  fittings  have  been  modified  in  various  ways,  but  the  v< 
continue         pve  forth  dense  black  -moke,  whether  Borneo  or  A.meri 
can  oil  be  used.     Ln  fact,  the  smoke  question,  of  little  iin|><.rt  in  the 
merchant  service,  ieem    to  be  the  most  Berious  problem  that  the  naval 
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experimenters  have  to  face.  Much  would  seem  to  depend  upon  the 
arrangement  of  the  furnaces,  which  should  be  especially  constructed 

for  oil  firing,  with  suitable  fire-brick  bridges  and  deflectors.  It  is 
claimed  that  smoke  has  been  almost  entirely  eliminated  in  some  of  the 

Russian  installations,  and  the  Durr  system,  using  Texas  oil,  is  almost 
smokeless,  so  that  the  objection  would  not  appear  to  be  insuperable. 

Great  Britain  is  continuing  the  Surly  experiments,  and,  in  addition, 
has  fitted  one  of  the  boilers  of  the  cruiser  Blonde  for  oil  firing,  while 
six  of  the  boilers  of  the  Arrogant  are  fitted  for  oil.  It  is  further 
stated  upon  good  authority  that  the  battleships  Mars,  Hannibal,  and 
Resolution  are  being  fitted  with  oil  burners.  In  all  cases  these  are 
to  be  used  in  connection  with  coal  and  not  alone.  It  is  not  stated 

what  type  or  types  of  burners  are  to  be  used  in  these  experiments. 
The  Swedish  Government  has  entered  the  field  by  ordering  from 

Yarrow  &  Co.  a  31-knot  torpedo-boat  destroyer  of  the  most  modern 
type,  to  be  fitted  with  oil-burning  apparatus. 

The  Dutch  Government,  whose  experiments  with  the  Ophir  wore 
noted  in  No.  XX,  page  280,  has  conducted  as  thorough  series  of 
experiments  with  the  sister  torpedo  boat  Pangrango.  The  boilers  of 

these  boats  are  fitted  with  supplementary  oil-burning  apparatus, 
intended  to  be  used  as  a  reserve  for  short  periods  of  time  when  extra 
speed  is  required.  Ordinarily  coal  alone  is  burned.  There  are  three 

of  Holden's  liquid  fuel  burners  fitted  to  each  boiler  for  this  emergency 
operation.  The  oil  is  kept  in  a  tank  on  deck,  where,  if  pierced  by 
shot,  the  oil  would  run  into  the  sea  without  danger  of  fire  in  the 
interior  of  the  boat.  A  steam  spray  is  used  to  vaporize  the  oil.  This 
saves  the  bulk  and  trouble  of  an  air  compressor,  but  it  is  a  most 
undesirable  feature  on  board  torpedo  vessels,  where  every  drop  of 
fresh  water  counts.  In  fact,  the  steam  vaporizer  is  entirely  out  of 
the  question  for  naval  use,  except  as  in  the  case  of  the  vessel  under 

consideration,  where  it  is  only  used  for  a  short  time.  The  successful 
naval  oil  burner  of  the  future  will  have  to  use  some  other  method  of 

vaporization.  A  number  of  types  of  burner  of  this  sort  are  already 
in  successful  operation.  On  a  trial  with  the  Pangrango  coal  only  was 
burned  in  one  run.  The  air  pressure  was  1  inch;  the  stop  valve 
was  kept  full  open.  The  following  were  the  results  obtained:  Boiler 
pressure,  150  pounds  per  square  inch;  pressure  in  first  receiver 
pounds;  second  receiver,  5.5  pounds;  vacuum,  23£  inches:  revolutions. 
340;  speed,  24?  knots.  The  oil  fuel  was  then  started,  and  as  much 

oil  as  possible  was  burned  without  making  smoke,  so  important  a  con- 
sideration in  naval  warfare.  The  rate  of  combustion  for  coal  was 

maintained  as  before.  The  following  results  were  obtained:  Boiler 
pressure,  180  pounds;  first  receiver,  64  pounds;  second  receiver.  9 
pounds;  vacuum,  23J  inches:  revolutions,  365  per  minute;  speed.  261 
knots. 
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Thus,  by  the  use  of  oil,  an  increase  of  2  knots  was  obtained,  and 
almost  i  nstantaneously . 

Borneo  oil  was  used,  the  supply  being  at  the  rate  of  700  pounds 

per  hour  for  the  two  boilers.  The  total  coal  consumption  was  2,800 
pounds  per  hour  in  either  case.  The  oil  tank  held  about  1,100 

pounds,  or  enough  for  one  and  one- half  hours'  run  under  the  above 
conditions. 

A  feature  that  would  prove  of  considerable  importance  in  actual 
warfare  would  be  the  fact  that  the  boilers  could  be  worked  at  very 
high  rates  of  evaporation  although  the  fires  were  in  a  dirty  condition. 
A  torpedo  vessel  would  often  have  to  operate  at  some  little  distance 
from  its  base,  thus  necessitating  a  comparatively  long  run  made  at 
moderate^  high  speed  before  the  final  spurt,  preceding  the  discharge 
of  a  torpedo,  were  made.  The  result  would  be  that  grates  would  be 

clogged,  and  it  might  be  even  advisable  to  la}r  off  and  clean  fires 
before  proceeding  to  action.  Such  an  operation,  with  the  letting 
down  of  steam  and  the  creation  of  smoke,  would  do  very  much  to 
endanger  the  success  of  the  attack;  and  yet  high  speed  is  one  of  the 
first  essentials  to  surprise,  which,  in  turn,  is  a  necessary  element  of 

approved  torpedo-boat  practice.  With  the  oil  fuel,  high  speed  can  be 
maintained  with  dirty  fires,  and  also  with  inferior  coal.  What  is  true 
of  torpedo  craft  is  also  true  of  larger  vessels  under  the  conditions  of 
service  common  to  them. 

It  may  be  pointed  out  in  connection  with  this  matter  that  the  jets 
for  spraying  oil  into  the  fire  box  are  placed  at  a  considerably  higher 
level,  and  consequently  there  exists,  as  it  were,  two  layers  of  fire. 
The  result  is  the  same  as  if  the  grate  area  were  largely  extended. 

On  the  trials  no  difficulty  was  found  in  avoiding  smoke,  this  being 
simply  a  matter  of  adjustment  between  the  air  supply  and  the  amount 

of  oil  binned.  In  a  forced-draft  stokehole  this  is  easily  accomplished  so 
long  as  the  stokers  can  sec  the  tops  of  the  funnels.  It  would  also  appear 
from  observation  that  the  rush  of  steam  and  oil  vapor  into  the  fire  box 
ba&  the  effect  of  mixing  up  the  gases  in  the  furnace  more  effectually, 

and  this  in  itself  leads  to  the  prevention  of  smoke  and  adds  to  evapo- 
iaii\ c  efficiency. 

The  Dui  <h  Government  has  for  a  number  of  years  been  making  thor- 
ough tests  with  astatki,  the  residue  of  Russian  or  Borneo  oil,  using  the 

Sorting  and  Holder  systems  of  burners  to  test  them,  the  former  being 
applied  in  a  number  of  cruisers  and  revenue  steamers  and  the  latter 

in  variouH  torpedo  boats.  The  Korting  system  is  described  in  Sir 

ii<-  Flannery's  article,  appended.  As  modified  and  improved 
ii  \\;i    in  stalled  as  follows: 

lint/.-.  Dog,  and  Ha&mwind,  revenue  cutters  Tor  the  Dutch  Eas<  [ndia 

Line,  between  PP.  L31.24  feet,  B.  22.64.     Draft  on  trial,  V. ■»."»  feet; 
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displacement,  322  tons;  displacement,  fully  loaded,  361  tons.  Built 
in  1898. 

Brak  and  Dog  by  Huvgen  and  Gelder;  engines  of  the  Schelde.  The 
Hasenwind  by  Fegevoord. 

Description  of  boiler  arrangements  of  revenue  cutter  Hasenvjind : 
The  boiler  is  of  steel  except  the  tubes  and  firebox  stays,  which  are  of 
iron.     GS.  42.09,  HS.  1,097.96  square  feet. 

Near  the  boiler  stands  a  Tangey  duplex  pump;  diameter  of  the  two 
steam  cylinders,  1.96  inches;  diameter  of  the  two  pump  cylinders,  2.99 
inches.     Stroke,  5  inches. 

There  are  two  Purcels  furnaces,  each  having  a  separate  combustion 
chamber.  Each  furnace  has  two  burners  placed  on  each  side  and 
above  the  furnace  door.  On  the  two  other  sides,  however,  they  are 
placed  in  another  separate  door,  which  takes  the  place  of  the  regular 
furnace  door. 

Fig.  2  shows:  a,  astatki  burner,  under  which  is  a  reservoir  for  col- 
lecting the  astatki  leaking  out  of  the  burners;  b,  fireproof  bricks 

against  the  lower  fire  bridge;  c\  plate  closing  up  the  ash  pit:  <L  air 
box  which  can  be  opened  at  the  top;  e,  iron  channels  through  which 
the  air  enters;  f,  hollow  tube  covered  with  mica  for  observing  the 

flame;  g,  plate  which  causes  the  air  coming  through  the  channel  <  to 

be  heated  b}T  forcing  it  to  come  close  to  the  fire  bars. 
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Fig.  3  shows  how  the  fire  bars  are  covered  with  cast-iron  plates. 
The  middle  plate  projects  about  7.89  inches,  in  order  to  allow  the 
entrance  of  air  in  the  neighborhood  of  the  fire  bridge.  Experience 
has  .shown  the  usefulness  of  this  arrangement. 

Fig.  4  shows  a  section  of  a  burner.    The  opening  lias  a  diameter  of 
0.04    inch.      The    needle,    which   can    be    moved,   has    near  its    end    a 
thread  which  givea  fche  outflowing  astatki  a  rotating  motion. 

L800    02        11 
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Fig.  5  is  the  astatki  filter,  and  at  the  same  time  a  heater.  Theastatki 

is  pressed  in  and  comes  into  the  central  tube,  which  has  many  openings 
and  which  is  surrounded  by  a  copper-gauze 
tube.  These  two  tubes  can  be  taken  out 

when  cleaning  is  needed. 

The  double  cylindrical  wall  which  runs 

around  the  center  body  gets  the  steam  for 

heating  the  astatki,  and  is  connected  with 

the  exhaust  steam  pipe  of  the  astatki  pump. 

The  astatki  is  used  as  follows:  The  pump 

draws  it  from  one  of  the  tanks  and  through 
a  heater,  which  is  like  that  described,  but 

without  copper  gauze.  It  passes  then 

through  the  pumps  and  is  then  pressed 
through  the  filter  heater  to  the  burners. 

On  the  other  side,  where  the  astatki  leaves 

the  pump,  there  is  an  air  box  in  order  to 

obtain  a  regular  pressure. 

The  pressure  side  of  the  astatki  pipe  is 

connected  through  a  valve  with  a  spring 

with  the  drawing  slide,  so  that  the  pressure 

of  the  pipe  leading  to  the  burner  can  be 

regulated,  for  which  a  meter  is  placed  on 

the  steam  pipe  which  heats  the  astatki. 
In  order  to  fire  with  astatki  the  following 

is  done:  First,  steam  is  raised  Avith  coal  or 

wood,  in  order  to  run  the  astatki  pump. 

This  can  be  done  with  or  without  the  iron  plates  placed  on  the 

grates. 
When  steam  is  raised,  then  the  fires  are  drawn  out,  the  iron  plat*-. 

if  not  yet  put  in,  are  placed  with  the  center  plate  as  indicated,  the 
dampers  are  placed  before  the  ash  plates,  the  levers  of  the  air  boxes 

opened,  the  astatki  pump  started,  and  the  burners  opened  and  lighted. 

All  grates  in  the  fire  doors,  dampers,  and  around  the  burners  to  be 

kept  open.     Opening  the  doors  a  little  gives  good  results. 
The  astatki  is  stored  in  the  side  bunkers.  It  is  brought  in  place 

with  the  above-mentioned  duplex  steam  astatki  pump,  which  also  may 
pump  out  the  tanks  in  case  of  fire.  It  can  also  be  used  as  a  bilge  pump 

in  case  the  astatki  may  have  leaked  out  in  the  boiler  room.  This  is  the 

same  pump  which  brings  the  astatki  to  the  burners. 
Within  about  one  hour  firing  with  coal  can  be  replaced  with  firing 

with  astatki.  and  during  that  period  firing  with  one  furnace  can  be 

continued.  In  this  case  the  speed  of  the  ship  was  7..~>  knots.  Maxi- 
mum speed  about  11  knots,  with  about  520  1.  H.  P.     Each  ship  carries 
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about  78  tons  of  coal,  divided  between  two  side  and  one  cross  bunker. 
The  side  bunkers  are  used  for  storing  astatki. 

The  Dutch  East  India  Company  also  made  modifications  as  follows 
in  the  Korting  system,  as  a  result  of  its  experiments: 

This  powerful  concern  has  a  very  large  fleet  in  the  Dutch  East 
Indies,  and  in  view  of  the  abundance  of  astatki  there  (Sumatra)  a 
series  of  trials  were  made  by  them  which  ended  in  complete  success. 
The  developments  in  this  system  of  astatki  burning  are  practically 

made  in  three  stages. 

Fig.  6. 

J.  One  of  the  three  furnaces  of  a  boiler  for  S.  S.  Brouwer  was 

built  up  as  shown  in  tig.  0,  according  to  plans  furnished  by  Korting, 
of  Hanover.  The  grates  are  almost  entirely  covered  by  brick,  only 
forward  is  an  opening  through  which  the  air  enters.  It  can  also 
enter  through  an  opening  covered  by  a  shutter  in  the  furnace  door. 

The  top  of  the  furnace  in  covered  with  brick,  in  order  to  prevent 
the  flames  from  cooling  off,  and  on  the  bridge  is  also  a  brick  wall 
with  openings. 
Two  Korting  burners  are  placed  in  the  fire  door. 
The  results  were  not  had.  but  the  smoke  was  wry  heavy,  and  the 

fire  door  became  red  hot. 

It  waa   then    tried   to  admit  air  in  several  other  places  in  the   center 

and  aft  of  the  grates,  even  aft  of  the  bridge.  Also  the  grates  were 
covered  entirely  with  round  bricks,  in  order  to  gel  a  great  many  smooth 
openings;  hut  the  smoke  remained  very  heavy.  Thai  this  was  not 
caused  l>\  lack  of  air  was  evident,  because  the  smoke  remained  the 

same  w  itfa  everything  open,  a-  it  wtLB  w  ith  the  grate  i  <>\  ered  for  three 
fourth*  of   the  total  -nrfa. 
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If  this  incomplete  combustion  was  not  caused  by  the  quantity  of  air, 
it  could  be  attributed  only  to  a  too  low  temperature  at  which  the  com- 

bination (air  and  astatki)  took  place. 
The  engineer  in  charge,  Mr.  Kloos,  then  tried  to  heat  the  air  before 

it  came  in  contact  with  the  astatki.  He  placed  a  plate  in  the  furnace 
by  which  the  air  was  brought  to  t he  near  end  of  the  astatki.  On  the 
grates  he  placed  another  plate  which  covered  everything  aft,  which 
left  an  opening  forward.  This  plate  became  red  hot  by  the  flames, 
the  air  passing  underneath  it  became  warm,  and  then  came  in  contact 
with  the  astatki. 

The  result  exceeded  expectations.  At  the  top  of  the  furnace  no 
smoke  could  be  seen.  As  a  consequence,  a  system  has  been  built  up 
based  on  the  same  principle. 

II.  Fig.  7  shows  the  furnace  as  it  is  built  now.  In  the  place  of  fire 

bars  a  cast-iron  floor  is  laid,  smooth  on  the  top,  but  provided  with  ribs 
underneath.  Therefore,  the  surface  taking  up  the  heat  is  much  smaller 
than  that  which  emits  it,  and  so  the  temperature  of  the  iron  floor  is 
kept  low.     Burning  of  this  floor  is,  therefore,  prevented. 

In  practice,  this  floor  does  not  even  become  dark  red.  The  opening 
in  the  floor  forward  is  made  small,  in  order  to  prevent  the  air  from 
entering  the  furnace  with  great  velocity,  so  that  a  good  combination 
with  the  astatki  is  obtained. 

The  plate  in  the  ash  pit  under  the  floor  (see  above)  has  been  given  a 
curved  form,  in  order  to  gather  the  astatki  continually  leaking  out 
from  the  fire.  As  this  plate  has  an  inclined  position,  this  astatki  will 

drop  outside  the  boiler.  The  fire  door  is  closed  b}r  a  thick  brick  with 
two  openings,  corresponding  with  the  openings  for  the  burners  in  the 
fire  door. 

During  a  five  hours'  trial  in  the  open  sea  on  March  30,  1898,  abso- 
lutely no  work  had  to  be  done  in  the  fire  room.  The  temperature  of 

the  astatki  in  the  pumps  was  kept  at  194°  to  212°  F. ,  and  the  pressure 
at  40  pounds.  The  combustion  in  each  furnace  was  309  pounds  per 
hour,  which  furnished  enough  steam  to  keep  up  the  required  speed. 

The  smoke  was  very  thin,  sometimes  hardly  visible. 
At  the  end  of  the  trial  it  was  desired  to  make  more  steam,  and  there- 

fore the  pressure  was  brought  up  to  50  pounds. 

More  steam  was  gotten,  but  also  more  smoke,  suddenly  caused  by 
too  little  air. 

The  opening  in  the  cast-iron  plate  or  floor  was  fixed  at  2.5  inches  at 
the  preliminary  trial.  For  ordinary  service  this  would  be  enough, 
but  when  a  higher  combustion  was  desired  the  opening  would  be  too 
small.     It  could  not  be  enlarged  during  this  trial. 

Before  leaving  for  Java,  the  ship,  however,  got  other  plates,  in 
which  the  opening  was  larger,  and  was  placed  more  forward,  so  that 
the  ribs  would  be  made  longer. 
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These  systems  have  the  great  advantage  of  not  requiring  steam 

vaporization. 
The  French  navy,  which  has  a  number  of  its  vessels  fitted  for  carry- 

ing oil  (No.  XIX,  p.  231)  as  an  auxiliary  to  coal,  has  been  carrying 
out  some  experiments  with  solidified  petroleum  on  board  torpedo  boat 
No.  180.  These  trials  have  been  in  two  parts.  During  the  first, 

ordinary  coal  and  solidified  petroleum  were  burned  together,  with  fair 

results  as  to  rapid  steam  generation,  but  very  shortly  after  the  fires 

were  lighted  the  spaces  between  the  grate  bars  became  choked,  show- 
ing that  a  rearrangement  of  the  latter  would  be  imperative. 

The  second  series  of  tests  were  effected  with  the  use  of  the  solidified 

petroleum  alone.  Great  difficulty  was  experienced  in  firing,  and  the 

ordinary  firing  gear  could  not  be  used.  The  funnels  carried  a  '  'torch" 
of  flame  neau'ly  two  meters  high,  and  the  boat  was  enveloped  in  a  dense 
cloud  of  smoke. 

The  grate  bars  were  badty  clogged  and  ten  of  them  were  burnt  out. 

The  furnaces  gave  out  an  odor  of  petroleum  that  was  very  disagree- 

able to  the  fire-room  force.  In  spite  of  these  very  unfavorable  results, 

further  tests  are  to  be  made  of  the  apparatus.  The  French  navjr  has 
always  been  partial  to  petroleum  briquettes  for  reserve  fuel,  and  they 

are  being  manufactured  in  great  quantity  at  St.  Etienne  and  other 

points  in  France. 

Germany  continues  to  make  provision  for  the  carrying  of  liquid  fuel, 

and  the  recently  launched  cruiser,  Prim  Adalbert,  has  storage  for  200 

tons  of  tar  oil  in  addition  to  her  bunker  capacity  for  1,500  tons  of  coal. 

Since  the  grounding  accident  to  the  battleship  Kaiser  Friedericli  III 

(see  p.  280,  No.  XX)  there  has  been  question  as  to  the  advisability  of 

carrying  liquid  fuel  in  the  double  bottoms  of  ships,  but  the  German 

authorities  have  found  no  better  place  in  which  to  cany  liquid  fuel, 

each  of  their  battleships  having  in  the  neighborhood  of  100  tons  of 

"masut"  (tar  oil),  or,  more  recently,  Texas  oil.  In  the  future,  to 
obviate  such  disasters,  it  has  been  ordered  that  oil  tanks  in  double 

bottoms  should  only  be  filled  to  75  per  cent  of  their  full  capacity. 

In  this  manner,  in  case  of  striking  a  rock  or  other  obstacle,  the  bot- 
tom will  only  be  indented  to  the  extent  of  forcing  the  air  out  of  the 

Upper  part  of  the  tank.  A  heavier  blow  would  break  the  plating,  and 

the  oil  would  not  be  forced  up  into  the  ship,  but  would  simply  leak 
out.  of  the  tank. 

The  following  account  of  the  experiences  of  the  German  steamship 

Ta/nglin  with  liquid  fuel,  reprinted  from  the  Marine  Review  of  January 
23,  L902,  is  of  interest: 

l'KA<    I  l<    \|.    Tl>|     01      I  I    I.I      OIL. 

Particulars  are  published  in  the  German  papers  "i  results  obtained  in  a  practical 
■I   tin-  value  <>i   fuel  <»il  in  ii><-  generation  <»i  steam  on  an  ocean  steamship, 
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recently  made  in  the  case  of  the  North  German  Lloyd  vessel  Tanglin  on  a  voyage 

from  Singapore  to  Sydney,  a  distance  of  nearly  5,500  miles.  The  Tanglin  was  char- 
tered to  convey  to  Kerguelen  Island  the  dogs,  equipment,  and  coals  for  the  German 

Antarctic  expedition.  She  is  a  steamship  of  about  2,000  tons  capacity,  built  last 
year  for  the  North  German  Lloyd,  by  Workman,  Clark  &  Co.,  Belfast.  She  is 

intended  for  the  East  Indian  trade  and  was  fitted  with  apparatus  for  burning  oil 

and  saving  labor  in  the  stokehold.  Her  ordinary  bunkers  are  used  for  the  storage 

of  oil,  all  apertures  being  closed  and  made  water-tight,  and  the  oil  is  pumped  in 
from  craft  lying  alongside.  The  oil  used  by  the  Tanglin  came  from  Borneo  and  was 

taken  on  board  at  Singapore.  By  the  method  adopted  on  board  this  boat  the  oil  is 

converted  into  spray  and  blown  on  the  grates  by  means  of  injection  tubes  and  nozzles 

pierced  with  fine  holes.  The  service  of  only  one  man  is  required  in  feeding  the  fires. 

and  the  supply  of  oil  and  steam  pressure  are  always  directed  to  the  required  point  by 

means  of  special  valves.  The  Tanglin' s  bunkers  are  so  constructed  that  they  can  be 
used  for  either  coal  or  oil. 

Compared  with  the  old  system  of  coal  stoking,  the  following  results  were  arrived 

at:  The  weight  of  each  day's  supply  of  fuel  was  much  less,  and  a  great  saving  of 
labor  was  effected,  inasmuch  as  only  one  man  per  watch  was  required  instead  of  five. 

The  Tanglin  took  350  tons  of  oil  on  board  for  her  voyage  (her  capacity  of  coal  is  300 

tons),  and  with  a  consumption  of  13  tons  per  day  an  average  speed  of  1H  knots  per 

hour  was  attained.  This  means  an  increase  in  the  speed  amounting  to  a  knot  per 

hour.  The  most  disagreeable  task  connected  with  coal  stoking  is  cleaning  out  the 

furnaces.     "When  oil  is  used,  there  is  no  cleaning  to  be  done. 
The  chief  engineer  on  board  the  Tanglin  expressed  his  entire  satisfaction  with  the 

result  obtained.  He  is  of  opinion  that  liquid  fuel  will  be  extensively  used  on  board 

great  ocean  steamships,  and  in  his  report  to  the  directors  of  the  Lloyd  company  he 

strongly  advocates  the  adoption  of  the  new  method.  The  Tanglin  used  coal  on  her 

outward  voyage  as  far  as  Singapore,  and  after  shipping  oil  there  she  proceeded  to 

Bangkok,  consuming  13  tons  of  oil  daily,  against  18  tons  of  English  and  20  tons  of 

Japanese  coal.  The  report  adds  that  the  oil  gives  off  no  odor  and  that  the  heat  in 

the  engine  room  was  quite  insignificant,  while  the  required  pressure  of  steam  was 

maintained  with  ease.  As  regards  the  cost,  the  oil  was  put  on  board  at  Singapore 

at  30s.  a  ton,  and  the  whole  quantity — 350  tons — was  got  into  the  bunkers  in  three- 
quarters  of  an  hour.  The  cost  of  coal  in  the  same  port,  brought  alongside,  was  25s. 
a  ton. 

The  mere  comparison  of  the  daily  expenditure  for  fuel,  namely,  20  tons  of  coal  at 

25s.,  equal  £25,  against  13  tons  of  oil  at  30s.,  equal  £19  10s.,  a  raving  of  £5  10s. 

per  day  in  favor  of  oil  fuel,  does  not  represent  the  whole  gain  to  the  shipowner.  There 

is  the  extra  freight  that  he  may  earn  as  represented  by  the  difference  between  13 

tons  and  20  tons  dead  weight  of  daily  consumption,  which  on  a  twenty  days'  run 
would  be  equal  to  140  tons.  There  is  also  the  extra  measurement  cargo  which  he 

may  carry  by  stowing  the  fuel  oil  in  the  ballast  tanks  and  peaks,  and  there  is  the 

saving  of  firemen  and  the  time  in  bunkering  ports.  It  is  evident  that  350  tons  of  oil 

bunkers  taken  on  board  in  three-quarters  of  an  hour  can  find  no  near  comparison  in 
the  case  of  any  recorded  instance  of  coal  bunkering,  and  the  cleanliness  of  taking  en 

board  liquid  fuel  in  comparison  with  dirtying  the  decks  and  passenger  accommoda- 
tion due  to  coal  bunkering  is  also  an  appreciable  financial  asset  upon  routes  where 

passenger  competition  is  at  all  keen.  The  extra  speed  of  the  Tanglin  when  using  oil 

fuel  illustrates  the  experience  that  has  been  reported  in  respect  to  other  vessels. 

namely,  that  boilers  which  are  hard  to  steam  with  coal  become  quite  easy  to  steam 

with  oil  on  account  of  the  greater  intensity  of  the  heat  generated  by  the  new  fuel. 

In  Germany  the  Durr  system  of  liquid  fuel  firing  has  recently  been 
much  improved  and  is  now  being  successfully  tested.     This  system 
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has  already  been  described  in  No.  XVIII,  page  236.  Fig.  8  shows  the 

improved  form  of  gasefying  apparatus.  An  essential  improvement 
over  the  former  type  consists  in  having  a  cleaning  arrangement  so  that 
the  small  aperture  admitting  the  oil  to  be  evaporated  to  gas  may  be 

clean  "1  -  insure  a  constant  supply  of  ignited  gas  to  the  fur- 
nace. Texas  oil  is  used,  which,  after  being  freed  from  sulphur,  is 

noncombustible  under  200°  F.  There  is  absolutely  no  smoke  what- 
ever with  this  system  and  Texas  oil.     In  the  first  type  there  was  con- 

Qcisefrina  -yijjparalus . 

Fig.  8. 

Biderable   roaring  noise  made  by  the  flames  of  burning  gas.     This  has 

been  reduced  to  a  great  extent,  though  is  still  quite  apparent. 
The  appended  paper  on  liquid  fuel,  read  before  the  British  Institute 

of  Naval  Architects  on  March  20  by  Sir  Fortescue  Flannery,  one  of 

the  \<iy  best  authorities  on  this  subject,  so  completely  covers  the 
ground  of  recent  progress  that  further  statement  other  than  the  pre 
ceding  supplementary  notes  is  unnecessary.  Of  course  Sir  Fortescue 
Planner}  is  an  enthusiast  in  favor  of  oil,  and  so  touches  but  lightly  on 
the  difficulties  that  have  arisen  so  often  In  experiments  with  oil  for 
naval  use    dense  smoke,  loud,  roaring  noises  in  the  furnaces,  smell, 
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occasional  flaming  at  funnels,  and  the  danger  of  racking  strains  to  the 
boilers  or  of  explosive  gases  being  formed  in  the  furnace  when,  by 
sulphur  or  water  in  the  oil,  the  burners  are  suddenly  extinguished. 
Mention  need  not  be  made  of  the  wasteful  use  of  steam  vaporization, 
for  this  is  already  obviated  by  a  number  of  systems,  and  also  the  other 
difficulties  are  being  attacked  and  seem  to  be  in  a  fair  way  toward  being 
eliminated. 

In  the  discussion  that  followed  the  reading  of  this  paper  several 
valuable  and  expert  opinions  were  given  in  regard  to  the  difficulties 
and  advantages  of  the  system  of  oil  firing.  In  regard  to  the  question 

of  wTater  in  the  oil,  it  was  pointed  out  that  the  residue  burned  was  the 
product  of  distillation  at  400°  F.,  and  that  therefore  with  ordinary  care 
the  oil  should  contain  no  water.  It  was  also  noted  that  boilers  in  the 

merchant  marine  and  in  naval  vessels  were  so  different  that  it  was  diffi- 

cult to  compare  them.  The  makers  of  mercantile  boilers  are  not  con- 
fined by  the  same  restrictions,  and  the  boilers  can  be  made  roomy 

enough  for  full  power  as  a  regular  thing.  This  has  an  important  bear- 
ing upon  liquid  fuel.  In  mercantile  vessels  the  ratio  of  2^  pounds  of 

fuel  per  cubic  foot  of  combustion  space  per  hour  might  be  taken;  in 
H.  M.  S.  Surltfs  boilers  they  burnt  12  pounds  per  cubic  foot  of  space. 

For  perfect  combustion  it  was  necessary  to  have  the  required  quan- 
tity of  air,  and  in  regard  to  this  there  was  a  point  to  be  observed  as 

to  where  the  air  should  be  admitted.  It  was  quite  possible  to  get 
overheating  in  the  uptake  and  retarded  combustion  if  air  were  admitted 

improperly.  With  a  sufficiently  large  furnace  it  was  thought  com- 
bustion with  oil  fuel  should  come  very  near  perfection.  Again,  it  was 

necessaiy  to  have  a  certain  amount  of  brickwork,  and  that  could  be 
got  in  a  mercantile  boiler  easily,  but  not  so  easily  in  a  naval  boiler. 
It  was  claimed  that  with  oil  fuel  the  stoker  could  be  abolished.  In 

the  navy  the  stoker  was  a  good  man  for  many  purposes.  It  should  be 
remembered  that  the  merchant  steamer,  once  clear  of  port,  proceeds 

at  a  uniform  speed  throughout  the  voyage.  In  the  man-of-war  there 
was  often  a  constant  variation  of  speed,  changes  being  made  at  inter- 

vals of  less  than  three  minutes,  and  this  necessitated  constant  attention 
to  the  valves  which  controlled  the  oil  supply  to  the  furnace. 

There  were  varying  opinions  in  regard  to  the  relative  efficiencies  of 
coal  and  oil.  Sir  Fortescue  Flannery  claims  that  2  tons  of  oil  is 

equivalent  to  3  tons  of  coal,  or  36  cubic  feet  of  oil  is  equal  to  <i7 

cubic  feet  of  coal,  as  usually  stored  in  ships'  bunkers,  which  would 
increase  the  range  of  action  of  a  war  ship  by  50  per  cent  for  the  bunker 
space  allotted,  or  nearly  90  per  cent  upon  the  bunker  space.  The 

British  Admiralt}'  considered  the  fuel  value  of  oil  was  not  50  per  cent 
greater  than  coal,  but  only  a  possible  33  per  cent.  In  reply  to  this 

the  author  stated  that  the  result  of  six  years'  experience  with  merchant 
vessels  had  shown  16  tons  of  oil  to  give  the  same  horsepower  a-  25 



217 

tons  of  coal.  On  larger  vessels  29  to  30  tons  of  oil  replaced  43  tons 

of  coal.  Experience  with  other  vessels  had  been  still  more  favorable, 
and  in  one  case  the  ratio  of  coal  to  oil  was  3  to  2.  Recent  exhaustive 

comparative  tests  of  Texas  oil  and  coal  made  in  a  land  boiler  b}^  Pro- 
or  Denton,  of  Stevens  Institute  of  Technology,  Hoboken,  N.  J., 

have  given  the  following: 

Evaporation  per  pound  of  coal  from  and  at  212° =9. 17  pounds. 
Evaporation  per  pound  of  oil  from  and  at  212° =15.1  pounds. 

Or  1.362  pounds  of  oil  is  equivalent  to  2,240  pounds  of  coal,  which 

gives  as  a  ratio  of  efficiency  of  oil  to  coal  of  1.65.  These  tests  were 
.conducted  with  great  care  and  under  the  best  possible  conditions. 

ON  LIQUID  FUEL  FOR  SHIPS. 

[By  Sir  Fortescue  Flannery,  M.  P.  (member).    Read  at  the  spring  moetings  of  the  forty-third 
session  of  the  Institution  of  Naval  Architects,  March  20,  1902.] 

The  subject  of  this  paper  is  not  in  any  sense  new.  The  use  of  liquid  fuel  has  been 
known  for  many  years  to  be  mechanically  possible,  and  the  transactions  of  this 
institution  contain  many  important  references  to  the  question.  The  late  Admiral 
Belwyn  was  an  enthusiastic  advocate  and  an  eloquent  exponent  of  the  special 
advantages  of  liquid  fuel  for  vessels  of  war. 

The  use  of  this  fuel  on  the  Caspian  Sea  began  in  1870,  and  is  quite  the  recognized 
custom  in  about  200  vessels.  The  fact  that  the  vessels  navigate  in  fresh  water,  and 
can  therefore  afford  an  unlimited  supply  of  steam  for  pulverizing  the  fuel  without  any 
risk  of  undue  incrustation  to  their  boilers,  is  an  important  factor.  The  Russian  law, 
however,  prohibiting  the  exportation  of  liquid  fuel  has  been  the  dominant  factor  in  the 
confinement  of  the  use  of  liquid  fuel  at  sea  to  the  Caspian  for  at  least  a  generation 
after  its  successful  use  there  has  been  demonstrated. 

While  the  advantages  of  liquid  fuel  and  the  possibility  of^ts  successful  mechanical 
tue  have  been  generally  admitted,  little  or  no  progress  in  its  application  had  been 

made  outside  the  Russian  inland  sea  just  referred  to,  and  the  reason  of  this  stagna- 
tion has  been  mainly  of  a  commercial  character.  The  supply  of  fuel  outside  Russia 

has  been  but  nominal,  and  no  general  application  was  possible,  unless  both  war 
and  mercantile  vessels  could  be  assured  of  continuous  supply  from  year  to  year,  and 
Unless  that  supply  were  as  regularly  accessible  at  as  frequent  and  convenient  oiling 
stations  throughout  the  world  as  already  exist  in  the  case  of  coal  fuel,  and  at  a  cost 
proportionately  as  low.  Such  a  condition  of  things  never  became  possible  until  the 

ery  of  large  supplies  of  oil  suitable  for  fuel,  first  in  Borneo  and  Burma, 

and  quite  recently  in  Texas  and  California.  It  is  to  be  regretted  that  the  only  one 
of  these  sources  of  supply  that  lies  in  British  territory  is  thai  of  Burma. 

The  whole  aspect  of  the  question,  whether  regarded  by  the  Admiralty,  the  ship- 
owner, or  the  naval  architect,  has  been  changed  by  the  assurance  of  continuous  sup- 

of  liquid  fuel,  and  it  becomes  tiecessar}  to  treat  the  question  not  only  a<  of 
practical  importance,  bul  of  urgency  to  those  responsible  forthe  highest  efficiency  of 
fighting  and  carrying  ships.  The  British  Admiralty  has  determined  to  exhaustively 

the  use  of  this  newly  resuscitated  means  of  evaporation,  and  the  reference  to  the 
question  by  the  firs!  lord  in  his  recent  memorandum  is  a  clear  indication  of  pro- 

policy— a  policy  which  is  understood  fco  extend  to  trials  not  onl)  In  destroy* 
■ui  also  iu  three  cruisers  and  one  battleship.  The  Italian  Admiralty  have  been 
ling  the  question  for  some  en  before  large  supplies  were  assured     The 

German  Admiralty  have  used  liquid  fuel  on  the  China  station  for  man j  month 
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lieu  of  coal  for  auxiliary  purposes  on  board  ship.  The  Hamburg-American  Steam- 
ship Company  have  fitted  four  steamers  for  liquid  fuel,  and  the  North  German  Lloyd 

two  vessels.  The  Dutch  navy  have  fitted  liquid-fuel  apparatus  in  conjunction  with 
coal  to  two  destroyers,  and  Dutch  mail  and  cargo  steamers  in  the  Far  East  have  the 

new  liquid  fuel  in  regular  use.  Danish  shipowners  have  ordered  the  building  in 

Germany  of  two  steamers  to  burn  liquid  fuel,  and  some  twenty  vessels  under  the 

British  flag  are  now  running  regularly  under  liquid  fuel,  while  at  least  a  dozen  are 

building  with  suitable  fuel  apparatus  included  in  their  design. 

SUPPLY. 

Storage  and  supply  of  this  fuel  are  in  regular  currrency,  or  in  course  of  arrange- 
ment, at  the  following  ports:  London,  Singapore,  Hongkong,  Madras,  Colombo,  Suez, 

Hamburg,  Port  Arthur,  Texas,  Rangoon,  Calcutta,  Bombay,  Alexandria,  Bankok, 

Saigon,  Penang,  Batavia,  Surabaya,  Amoy,  Swatow,  Fuchow,  Shanghai,  Hankow. 

Sydney,  Melbourne,  Adelaide,  Zanzibar,  Mombassa,  Yokohama,  Kobe,  and  Naga- 
saki, and  storage  arrangements  are  projected  in  South  African  and  South  American 

ports. 
It  may  be  expected  that  the  supply  to  these  stations  will  be  drawn  as  regards  the 

ports  east  of  the  Suez  Canal  from  Borneo  and  Rangoon,  and  as  regards  those  west  of 
the  canal  and  in  South  America  from  the  Texas  fields,  South  African  stations 

being  neutral  as  regards  the  heavy  charges  of  the  Suez  Canal,  and  therefore  likely  to 

draw  their  supply  from  Borneo  or  Texas  with  equal  economy.  The  South  American 

stations  will  no  doubt  be  supplied  from  the  Texas  and  California  fields. 

CHEMICAL    COMPOSITION. 

It  is  not  within  the  scope  of  this  paper  to  exhaustively  discuss  the  refining  and 

chemical  constituents  of  the  fuel,  but  a  general  statement  of  what  is  meant  by  liquid 
fuel  is  necessary. 

The  product  as  it  issues  from  the  wells  may  be  roughly  said  to  be  divisible  into 

five  principal  sections,  i.  e.,  spirit  (benzine  or  naphtha),  kerosene  or  petroleum  lamp 

oil,  solar  oil,  astatki  or  residuum,  and  water.  The  spirit  and  the  lamp  and  solar  oils 

are  too  valuable  commercially  to  be  used  as  fuel  in  competition  with  coal;  but  the 

residuum,  a  thick,  treacle-like,  sluggish  liquid,  is,  if  sufficiently  separated  from  water 
and  other  impurities,  very  suitable  for  fuel,  consisting,  as  it  does,  of  the  following 

chemical  elements:  Carbon,  88  per  cent;  hydrogen,  lOf  per  cent;  oxygen.  1}  per 

per  cent. 
The  two  impurities  whose  presence  is  most  inimical  to  steam  generation  are  water 

and  sulphur.  Water  puts  out  the  flame  and  causes  an  inrush  of  cold  air  very  injuri- 

ous to  the  boiler,  and  sulphur,  if  free — that  is,  not  chemically  combined  with  the  oil — 
is  injurious  to  both  copper  and  steel.  These  impurities  are  now,  however,  of  rare 

occurrence,  and  although,  as  will  be  seen  later  on,  mechanical  means  of  separation 

from  water  are  necessary  on  board  ship,  this  necessity  arises  rather  from  the  admix- 
ture of  ballast  water  than  from  water  not  taken  out  of  the  oil  in  the  process  ̂ i  re- 

fining. 

The  question  of  safety  and  flash  point  is  of  extreme  practical  importance.  The 

British  Admiralty  have  hitherto  required  a  flash  point  of  270°  F.,  Lloyd's  Register 
has  required  a  flash  point  of  200°  F.,  while  the  German  authorities  have  accepted  ;i- 
safe  a  flash  point  of  150°  F.  Fuel  of  the  lower  flash  point  has  been  in  constant  use 
for  four  years  in  British  and  Dutch  mercantile  vessels  with  complete  immunity  from 

accident.  It  is  not  desirable  to  fix  a  flash  point  higher  than  is  really  necessary  for 

safety,  because  high  flash  points  are  obtained  by  refining  the  volatile  elements  out 

of  the  liquid  to  such  an  extent  as  to  leave  a  thick  and,  sluggish  residuum,  requiring 

large  power  to  pulverize  it  into  spray  before  ignition  in  the  furnace,  and  necessarily 

more  expensive  by  reason  of  the  additional  refining  process, 
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COMPARATIVE    ADVANTAGES    AND    DISADVANTAGES    FOR    WAR    VESSELS. 

The  problem  that  confronts  every  designer  of  a  war  ship  is  the  combination  of  the 

greatest  speed,  armament  and  ammunition  supply,  protection,  and  range  of  action 
in  the  smallest  and  least  expensive  hull,  and  any  reduction  of  weight  and  stowage 

room  of  any  of  the  necessary  elements  of  any  of  these  qualities  is  a  saving  which  acts 
and  reacts  favorably  upon  the  problem  in  a  manner  familiar  to  us  all.  The  practical 

figures  of  comparison  between  coal  and  oil  fuel  realized  in  recent  practice  are  that 

2  tons'  weight  of  oil  are  equivalent  to  3  tons'  weight  of  coal  and  36  cubic  feet  of  oil 

are  equivalent  to  67  cubic  feet  of  coal  as  usually  stored  in  a  ship's  bunkers;  that  is 
to  say,  if  the  change  of  fuel  be  effected  in  an  existing  war  vessel,  or  applied  to  any 

design  without  changing  any  other  of  the  data  than  those  affecting  the  range  of 
action,  the  range  of  action  is  increased  by  50  per  cent  upon  the  bunker  weight 

allotted  and  nearly  90  per  cent  upon  the  bunker  space  allotted. 

The  coal  protection  for  cruisers,  whatever  its  real  advantages — a  matter  upon  which 

different  opinions  exist — would  disappear  with  the  use  of  liquid  fuel,  because  it  would 
lje  lor  the  most  part  stowed  below  the  water  line,  if  not  wholly  in  the  double  bottom. 

The  double  bottom  and  other  spaces,  quite  useless  except  for  water  stowage,  would 
be  capable  of  storing  liquid  fuel,  and  the  space  now  occupied  by  coal  bunkers  would 
be  available  for  other  uses. 

The  ship's  complement  would  be  reduced  by  the  almost  complete  abolition  of  the 
stoker  element  and  the  substitution  of  a  limited  number  of  men  of  the  leading  stoker 

Ha--  to  attend  to  the  fuel  burners  under  the  direction  of  the  engineers,  and  the  space 

of  .-takers'  accommodation,  the  weight  of  their  stores,  together  with  the  expense  of 
their  maintenance,  would  be  saved.  The  number  of  lives  at  risk,  and  of  men  to  be 

recruited  and  trained  over  a  long  series  of  years,  would  be  reduced,  without  reducing 
the  maneuvering  or  offensive  or  defensive  power  of  vessels  of  any  class  in  the  fleet, 

•unkering  at  sea — so  anxious  a  problem  with  coal — would  be  made  easy,  there 
being  no  difficulty  in  pumping  from  a  storeship  to  a  war  ship  in  mid  ocean  in  ordinary 

weather.  Three  hundred  tons  an  hour  is  quite  a  common  rate  of  delivery  in  the  dis- 

charge of  a  tank  steamer's  cargo  under  ordinary  conditions  of  pumping. 
The  many  parts  of  the  boiler  fronts  and  stokehold  plates,  now  so  quickly  corroded 

by  the  ].i  damping  ashes  before  getting  them  overboard,  would  be  preserved 

by  the  action  of  the  oil  fuel,  and  the  same  remark  applies  to  the  bunker  plating, 
which  now  so  quickly  perishes  by  corrosion  in  way  of  the  coal  storage. 

Liquid  fuel,  if  burned  in  suitable  furnaces  with  reasonable  skill  and  experience  on 

the  part  of  the  men  in  charge,  is  smokeless.     It  is  easy  to  produce  smoke  with  it, 

hut  this  is  evidence  of  its  being  forced  in  combustion  or  of  the  detail  arrangements 

>i  the  furnace  being  out  of  proper  proportion  to  each  other,     In  regard  to  smoke- 
i    is,  when  used  under  conditions  customary  in  the  merchant  service,  not 

'.r  lo  Welsh  coal,  and  superior  to  any  other  coal  ordinarily  in  use. 
The  r()-t  .,i  fuel  in  the  Kasf  is  less  than  that  of  Welsh  coal  when  the  cost  of  trans- 

ind  Sue/  (  anal  due-  arc  added  to  the  original  price  of  the  coal  as  delivered  in  a 
Welsh  port. 

'1  In-  evaporative  duty  required    from  the  boilers  of  destroyers  is  greater  than  that 
required  foe  boilers  of  any  other  type,  and,  while  it  is  possible  to  burn  enough  liquid 

fuel  to  produce  tin-  required  duty  in  boilers  hitherto  using  coal  at  natural  draft,  or 
coal  at  moderate  forced  draft,  difficulty  ha,-  been  found  in  burning  enough  <>il 

fuel  in  boilers  of  the  destroyer  type  to  produce  the  same  duty  as  that  realised  under 

•'*:ii  ;ii  -'"ni  air  pre  The  question  of  economy  of  fuel  in  destroyers  when 
it  full  power  is  of  comparatively  little  importance,  but  the  production  of  the  maxi< 
nun,  power  i-  essential;  and  furthei  experiments  now  in  process  will  probably  solve 
the  difficulty  a-  ii  ha*  been  solved  in  locomotive  practice  on  the  <  freal  Eastern  Hail 

hill  and  enterpri  -<■  ol  Mr.  I  [olden 
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Messrs.  Yarrow  have  obtained  some  highly  encouraging  results  in  two  torpedo 
boats  built  by  them  for  the  Dutch  Government.  Their  process  is  to  obtain  the 

maximum  speed  with  coal  under  all  usual  conditions  of  forced  draft,  and  then  to 

inject  liquid  fuel  into  the  furnace  above  the  coal,  thus  securing  additional  boiler 

duty  while  leaving  the  whole  of  the  grate  surface  available  for  coal  combustion.  The 

result  was  to  increase  the  maximum  speed  of  the  vessel  by  over  1  knot  per  hour. 

Messrs.  Thorny  croft  have  recently  made  experiments,  and  have  obtained  the  high 

evaporative  duty  of  18.95  pounds  of  water  per  pound  of  oil  fuel. 

The  extra  rapidity  of  raising  steam  with  liquid  fuel  is  undoubted,  and  this  is  a 

feature  upon  which  much  stress  has  been  laid  in  recent  naval  debates.  So  far  as 

experience  has  shown  there  is  no  deterioration  of  liquid  fuel,  however  long  it  is  stored 
before  use. 

COMPARATIVE   ADVANTAGES   AND   DISADVANTAGES   FOR   MERCANTILE   SHIPS. 

The  conditions  which  fuel  most  fulfill  in  the  case  of  a  mercantile  vessel  differ  only 
in  some  respects  from  the  conditions  applying  to  a  war  vessel,  the  chief  difference 

being  that  of  cost.  The  question  of  direct  cost  is  of  little  importance  in  a  war  vessel, 

provided  the  advantages  above  named  are  really  secured  in  practice,  but  in  a  com* 
mercial  vessel  the  direct  cost  of  fuel,  although  here  also  necessarily  merged  in  other 

questions,  is  of  the  first  importance.  While  the  supply  of  liquid  fuel  was  confined 

to  the  Eastern  Hemisphere,  it  seemed  hopeless  to  expect  its  successful  commercial 

competition  with  coal  west  of  the  Suez  Canal,  because  of  the  light  freight  and  trans- 
port charges,  although  for  the  converse  reason  it  seemed  easy  for  oil  to  beat  coal  east 

of  the  Suez  Canal,  and  for  some  time  Suez  appeared  to  be  the  nearest  economical 

station  for  British  ships.  The  discovery  of  oil  in  Texas,  however,  and  the  splendid 

enterprise  and  foresight  of  Sir  Marcus  Samuel  in  organizing  a  fleet  of  vessels  for  its 

transport  and  tanks  for  its  storage  have  changed  the  situation,  and  there  appears  no 

reason  to  doubt  that  ports  in  the  Western  Hemisphere  can  be  supplied  with  oil  from 

Texas  at  a  cost  not  proportionally  exceeding  that  of  coal. 

The  saving  of  stokers  is  considerable,  although  the  complement  should  not  be 

reduced  below  that  necessary  to  assist  the  ship's  engineers  in  overhauling  or  in  case 

of  emergency.  In  some  instances  a  stoker's  and  trimmer's  crew  of  32  is  now 

represented  by  a  fireman's  crew  of  8  hands,  whose  duty,  however,  is  mainly 
cleaning  and  helping  the  engineers  with  their  greasing.  The  Hamburg-American 
S.  S.  Ferdinand  Laeisz  was  recently  reported  to  have  discharged  her  stokers  at  Sing* 

pore  in  consequence  of  successful  experience  in  using  liquid  fuel.  Some  of  the  great 

Atlantic  liners  experience  a  difficulty  in  maintaining  their  full-power  speed  as  com- 
pared with  the  performances  when  the  ships  were  new.  This  is  not  due  to  any 

deterioration  in  the  boilers  or-maehinery  or  quality  of  the  coal;  it  is  due  to  a  diffi- 
culty in  getting  the  trimming  and  stoking  done  to  the  fullest  capacity  of  the  boilers, 

and  in  the  case  of  these  vessels,  while  the  saving  of  stokers'  wages  and  provisions 
and  the  substitution  of  additional  passenger  accommodation  would  l>e  great  com- 

mercial gain,  the  advantage  of  increasing  the  power  and  speed  and  rendering  them 
more  uniform  would  be  of  even  greater  importance. 

In  the  case  of  medium-sized  vessels  working  with  natural  draft,  the  advantages 

of  uniform  steaming,  irrespective  of  wind  and  ventilation,  and  of  large  reserve  of 

steaming  power  are  the  same  for  liquid  fuel  as  for  every  other  system  of  forced  draft. 

The  greatest  commercial  gain,  however,  is  the  increase  of  weight  and  space  avail- 
able for  freight,  Adopting  the  proportion  of  3  tons  coal  as  equal  to  2  tons  oil  fuel 

we  find  a  gain  in  weight  of,  say,  1,000  tons  in  the  freight  of  a  first-class  Atlantic 

steamer,  and  a  gain  of  nearly  the  whole  of  the  bunker  space,  which,  subject  to  draw- 
backs of  nonstowage  in  the  hot  parts  of  the  bunker  space,  would  1h>  available  for 

measurement  freight.  Allowing  for  these,  and  assuming  the  storage  of  the  whole  oi 

the  fuel  in  the  double  bottom  and  peaks,  there  would  be  again  approaching  100,000 
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cubic  feet  of  measurement  made  available  for  freight  in  such  a  vessel.  The  gain  from 

substituting  the  new  fuel  in  vessels  of  less  steam  power  proportionate  to  the  size 

would  be  correspondingly  reduced,  but  it  may  be  fairly  estimated  for  most  ships  that 

25  per  cent  of  the  space  now  occupied  by  coal  bunker  storage  could  be  utilized  for 
cargo  by  the  transfer  of  the  fuel  in  a  liquid  form  to  the  double  bottom  and  other 

parts  not  now  of  any  direct  use. 

The  cleanliness  of  oiling  instead  of  coaling  passenger  ships  and  the  saving  of  deten- 
tion at  ports  of  call  are  obvious. 

The  provision  of  storage  and  pumping  and  ventilation  arrangements  and  of  the 

furnace  gear  are  a  disadvantage  both  as  regards  cost  and  weight,  and  in  some  ships 
trouble  and  expense  has  arisen  from  boiler  leakage  consequent  upon  the  presence  of 

water  in  the  oil  and  the  lack  of  experience  of  the  engineers,  but  these  difficulties  are 

now  disappearing,  and  latest  developments  are  in  the  direction  of  simplicity  and  less 
first  cost. 

Oil  fires  do  not  require  cleaning,  thus  avoiding  a  prolific  source  of  lost  speed  in 

ordinary  voyage  routine. 

OIL   STORAGE   ON  BOARD   SHIP. 

As  already  indicated,  parts  of  the  vessel  hitherto  useless  except  for  water  ballast 
or  fresh  water  are  most  suitable  for  oil  bunkers,  both  because  of  the  freeing  of  other 

spaces  for  cargo  and  because  of  the  immediate  adaptability  of  the  water  ballast 

structure  for  holding  liquid  fuel.  Lloyd's  Register  have  published  a  set  of  rules 
applicable  to  existing  vessels,  which,  although  containing  some  requirements  which 

may  not  ultimately  prove  to  be  necessary,  are  yet  not  unreasonable  in  regard  to  a 

System  that  had  at  the  time  the  rules  wrere  issued  all  the  risk  of  novelty.  Indeed, 
the  acknowledgments  of  shipowners  are  due  to  the  registry  committee  and  its  officers 

for  the  enlightened  and  progressive  attitude  they  have  adopted  toward  this  new  depar- 

ture in  British  vessels.  The  same  acknowledgments  are  due  to  the  marine  depart- 
ment of  the  board  of  trade,  whose  officers  have  recently  been  closely  investigating 

the  question  in  detail,  and  who  are  understood  to  have  determined  that  with  such 

safeguards  as  experience  has  shown  to  be  necessary,  there  is  no  obstacle  to  the  use 

of  liquid  fuel  on  passenger  vessels.  The  penetrating  qualities  of  refined  petroleum, 

or  lamp  oil,  are  well  known,  and  such  oil  will  find  its  way  through  a  riveted  and 

calked  joint  quite  tight  against  water  under  pressure.  This  percolating  quality  does 

not,  however,  apply  to  fuel  oil,  the  greater  viscidity  of  the  latter  making  it  at  least 

-v  to  hold  as  water.  It  is  believed  that  a  ballast  tank  top  or  shell  plating  joint 
in  way  of  oil  storage,  which  is  sufficiently  riveted  for  water  ballast,  may  safely  be 
regarded  as  sufficient  for  liquid  fuel,  subject  to  test  to  a  head  of  pressure  at  least 

equal  to  the  load  water  line,  and  subject  to  all  the  usual  requirements  of  separate 

oil-pumping  pipes  and  connections,  drainage  wells,  dunnage,  and  sounding  pipes. 
Borne  additional  water-tight  subdivision  in  the  double  bottom  is  necessary  in  large 

o  provide  against  the  scend  of  a  half -empty  oil  tank,  but  in  vessels  of  medium 
ill  Bize  it  is  believed  the  usual  subdivision  is  enough. 

Fig.  1  shows  the  storage  of  Liquid  fuel  on  board  s.  S.  Murex.  This  vessel  is  a  tank 

Bteamer   with   all   her  lanks  adapted   as  cargo   holds   to  cany   general   cargo  in  the 

alio  native  with  refined  oil,  and  her  original  construction  did  not  contemplate  Liquid 
fuel.    She  was  built  by   Messrs.  Wm.  Gray  &  Co.,  of  West   Hartlepool,  and  about 

she  was  placed  i i i  the  bands  of  the  Wallsend  slipway  Company  for 

ii  to  li(jui<i  fuel  burning,     rler  cargo  tanks  have  no  double  bottom  belo^ 
them  tend  to  the  ̂ kin  of  the  ship,  but  there  is  a  double  bottom,  a  an. I  /-, 

U'low  ill.-  engines  ami  boilers,  and  cofferdams,  c  and  d,  at  the  fore  and  after  end 
the  cargo  space,  the  propelling  machinery  being  aft.    These  spaces,  along  with  the 

ind  after  peaks,  -  and  /,  have  been  utilize. I  for  storing  the  Liquid  fuel.    The 
ml:-,  g  an. I    h,  hav«-    been  built    into  the  \.--.l  at  the  height  <>!  the 
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'tween  decks,  and  the  process  of  receiving,  storing,  and  feeding  the  oil  to  the  furnace 
mouths  is  as  follows:  The  flange  J  is  coupled  up  to  the  store  pipe,  the  oil  passes 
along  the  receiving  pipe*  K,  K,  K,  K,  and,  by  means  of  controlling  valves,  is  directed 

into  the  fuel  tanks,  a,  b,  c,  d,  e  and/.  From  the  fuel  tanks  it  is  lifted  by  pumps,  and 
delivered  to  the  settling  tanks,  g  and  h.  Each  of  these  tanks  is  fitted  with  a  steam 

coil  for  the  purpose  of  slightly  raising  the  temperature  of  the  oil  and  facilitating  the 
separation  of  any  water  it  may  contain  from  the  previous  use  of  the  fuel  tanks  for 

water  ballast.  Each  settling  tank  is  proportioned  to  contain  twelve  hours'  supply 
for  the  whole  of  the  furnaces,  and  after  twelve  hours  allowed  for  settling,  the  water 

is  drawm  off  the  lower  part  of  the  tank,  where  it  settles  by  reason  of  its  greater  spe- 
cific gravity,  and  the  connections  opened  with  the  furnaces,  while  for  the  next  suc- 

ceeding twelve  hours  the  other  tanks  perform  similar  functions  of  separating  the 
oil  from  water. 

The  drainage  wells  required  to  prevent  any  accidental  leakage  getting  into  the 

ordinary  bilge  are  shown  at  M  M,  with  separate  suction  pipes  and  delivery  pipes. 

FURNACE    ARRANGEMENTS. 

These  differ  considerably,  and  it  is  certain  that  further  advances  toward  perfection 

both  as  to  economy  and  maximum  effect  will  yet  be  made.  As  already  explained,  the 

fuel  is  too  stiff  to  be  burned  except  after  disintegration,  and  this  is  effected  either  by 

pulverizing  with  steam,  or  by  injecting  the  fuel  under  pressure,  so  that  it  breaks 

itself  against  an  obstacle  at  the  mouth  of  the  furnace,  or  by  vaporizing  by  heat 

before  the  furnace  mouth  is  reached.  Mr.  Howden  has  a  modified  system  by  which 

the  fuel  is  injected  into  the  furnace  at  the  same  time  as  air  under  pressure,  such  air 

having  been  previously  heated  by  the  waste  gases  in  the  chimney.  This  system  has 

been  very  successfully  fitted  to  the  North  German  Lloyd  steamships  Tanglin  and 

Paeknam  by  their  builders,  Messrs.  Workman,  Clark  &  Co. 
All  the  vessels  of  the  Caspian  Sea  have  the  direct  steam  pulverizing  system,  and 

some  of  them  have  been  so  running  for  twenty  years. 

As  an  example  of  the  direct  steam  pulverizing  type  of  furnace,  fig.  2  shows  the 

furnace  gear  of  S.  S.  Murex,  already  referred  to.  This  vessel  arrived  in  the  Thames 

last  month,  after  a  voyage  of  11,800  miles  from  Singapore,  via  the  Cape,  pausing  at 

Cape  Town  for  four  days,  and  the  furnaces  not  being  touched  from  the  beginning  to 

the  end  of  the  voyage.  The  consumption  of  coal  in  this  vessel  has  averaged  25  tons. 

Her  consumption  of  liquid  fuel  for  the  same  indicated  horsepower  has  averaged  16 

tons,  a,  a,  a,  a  are  the  steam  pipes;  b,  6,  b,  b  are  the  oil  pipes;  c,  c,  c,  c  the  burn- 
ers, which  are  hung  on  swivels,  d,  d,  d,  d,  so  as  to  be  adjustable  in  position,  and  to 

be  capable  of  swinging  back  to  allow  the  opening  of  the  fire  do.  which  are 
equally  suitable  for  coal  when  the  burner  orifices,  /,  /,  /,  /,  are  closed  by  the  pivoted 

slides.  The  brickwork  is  shown  in  fig.  3,  at  n,  n,  these  being  the  pillars  and  arches 

against  which  the  flame  impinges  in  the  first  instance,  and  at  /.-,  /;,  k,  Jc,  these  being  the 
secondary  bridges  intended  to  baffle  the  flame  and  prevent  itstoodirect  impingement 

upon  the  stay  nuts  at  the  backs  of  the  combustion  chambers,  the  tube  ends,  the 

saddle-plate  seams,  and  other  parts  liable  to  injury  by  the  intense  local  heat  gener- 
ated by  liquid  fuel  under  steam  impact. 

Fig.  4  shows  the  steam  burner  of  the  Rusden  Eeles  type  in  section.  It  will  l>e 
seen  that  the  annular  orifices,  both  for  the  admission  of  steam  and  oil,  are  adjustable 

while  the  apparatus  is  at  work,  and  this  appeal's  to  be  an  essential  condition  for 
exact  adjustment  to  obtain  the  best  results. 

Fig.  5  shows  the  steam  burner  of  the  Holden  type,  which  has  the  same  facilities 
for  adjustment,  but  the  steam  in  this  case  passes  through  perforations  in  the  outer 

ring  a,  a,  and  draws  an  additional  supply  of  air  into  the  furnace. 

Specimens  of  these  burners,  and  also  of  a  simple  nonadjustable  burner  made  01 

gas  piping,  are  laid  on  the  table  of  the  meeting. 
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During  the  development  of  the  liquid-fuel  system  in  the  mercantile  marine  some 
doubt  has  been  expressed  by  shipowners  as  to  the  possibility  of  quick  reversion  to 

coal  if  the  supply  of  oil  should  fail,  or  if  the  cost  of  oil  should  suddenly  be  raised. 
To  meet  this  difficulty,  and  to  demonstrate  the  facility  of  interchange  between  the 

two  fuels,  the  furnace  of  S.  S.  Trocas  (fig.  6)  was  designed  and  fitted  by  the  Walls- 
end  Slipway  Company,  who  have  already  fitted  over  fifty  steamers  to  burn  liquid 
fuel.  In  this  case  the  fire  bars  are  left  in  place  and  covered  with  a  layer,  about  8 

inches  mean  thickness,  of  broken  fire  brick,  a.  Behind  is  the  bridge,  6,  and  above  that 

again  is  a  fire-brick  protection,  c,  as  already  described,  and  a  brick  lining  at  the  back 
of  the  combustion  box,  d. 

To  change  from  oil  fuel  to  coal  it  is  necessary  to  swing  back  the  burners  quite  clear 

of  the  fire  doors  and  lay  them  back  against  the  boiler  fronts,  to  open  the  fire  doors  and 

rake  out  all  the  broken  fire  brick,  to  lay  the  bars  with  coal  and  to  ignite  it  either  in  the 

ordinary  way  or  by  means  of  the  oil  burners.  These  operations  were  demonstrated 

on  Trocas  at  a  sea  trial  in  September  last,  and  in  twenty-eight  minutes  after  steaming 
full  speed  under  oil  the  vessel  was  steaming  full  speed  under  coal.  On  the  whole, 

however,  experience  of  long  passages  is  against  leaving  the  fire  bars  in  the  furnaces 
while  working  under  oil,  and  the  change  from  one  fuel  to  the  other  can  at  the  worst 
be  effected  in  a  few  hours. 

The  consumption  of  steam  for  pulverizing  is  estimated  at  0.2  pound  per  I.  H.  P. 

per  hour.  Large  interchangeable  evaporators  are  fitted  as  part  of  the  liquid-fuel  out- 
fit, usually  in  three  interchangeable  sections,  and  when  these  evaporators  have  been 

Forked  steadily  and  successfully  no  ill  effect  whatever  has  shown  itself  upon  the 

boilers.  Two  small  burners  in  each  furnace  are  preferable  to  one  large  burner,  as 

being  more  easily  adjustable  and  maintaining  continuity  of  flame  without  interruption. 

The  loud  whirring  noise  which  made  the  earlier  steam  burners  so  objectionable  has 
been  quite  abolished  in  burners  of  recent  manufacture. 

The  system  fitted  to  the  Hamburg-American  S.  S.  Ferdinand  C.  Laeisz  is  that 

known  as  the  Korting  Bystem,  and  does  not  involve  the  use  of  direct  steam  for  pul- 
verizing the  fuel.  After  water  separation  in  the  manner  already  described,  the  oil 

is  raised  by  a  steam  pump,  and  is  heated  to  about  r>0°  C.  by  a  heater  on  the  suction 
pip<-.  It  is  also  filtered  before  reaching  the  pump  valve.  It  then  passes  through 

the  pump  and  is  delivered  to  another  heater,  which  raises  its  temperature  to  90°  C, 
and  at  this  temperature,  and  after  further  filtration,  and  under  a  pressure  of  30 

pounds  per  square  inch,  it  is  injected  into  the  furnaces.  In  the  act  of  injection  a 
Spiral  or  centrifugal  motion  is  given  to  the  oil  by  a  screwed  needle,  and  this,  added 

to  (he  j.i'  rom  the  pump  and  the  softening  effect  upon  the  oil  of  heating  to 

high  tciijjM'rature.  causes  the  oil  to  spray  and  ignite.     The  fire  bars  are  left  out,  and 
the  furnaces  are  bricked  right  round,  and  air  is  admitted  to  the  furnaces  through 

rated  gratings,  fitted  with  adjustable  covers.     This  system  has  been  so  success- 

ful that  the  Hamburg-American  Company  have  fitted  tour  vessels  upon  it.     Fig.  7 
-  the  furnace  arrangements. 
e  Meyer  system,  fitted  in  the  vessels  of  the  Dutch  Steam  Packet  Company,  is 

worked  without  -team  jet,  and  largely  depends  upon  the  assistance  to  combustion 
heated  previously  to  its  meeting  the  liquid  fuel.     Figs.  8,  9,  10,  and  II  show  a 

i]  tin-  Vleyer  -\  stern.     The  furnace  is  prolonged  by  an  annular  extension,  B. 

i  en*ion  is  pro\  ided  with  spiral  partitions,  C,  (',  (',  intended  to  give  a  whirling 
n  to  the  air  a-  il  enters  the  furnace,  the  air  as  it  passes  through  these  spiral  par- 
tition h  being  heated  from  the  combustion  inside  the  extension  of  the  furnace  proper. 

or  burners  for  the  oil  are  on  the  Korting  system,  alread)  described. 

'II""  are  dampei     I     K,  K,  to  control  the  admission  of  air.     The  M<  tern  has 
now  been  in  use  foi  two  \  ears  on  several  Dutch  steamers,  and  a  ith  great  succei 

In  the  Roumanian  sen  ice  s  esse  Is  have  l»een  running  with  liquid-fuel  arrangements 
generally  wnilai  i  hara*  V 
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It  is  believed  that  the  present  stage  of  advancement  of  this  interesting  question  has 
now  been  generally  described,  and  that  the  widespread  attention  and  steady  applica- 

tion of  scientific  research  now  being  brought  to  bear  upon  so  important  a  subject 
must  lead  to  great  developments  in  the  near  future. 

BOILERS.  j 

The  past  year  has  been  characterized  b}"  a  persistent  discussion  in 
naval  engineering  circles  and  in  the  technical  press  as  to  the  relative 

merits  of  the  various  types  of  water-tube  boilers  in  use  in  the  navies 
of  the  world,  and,  to  a  much  more  limited  extent,  and  more  especially 

in  England,  to  the  relative  merits  of  water-tube  and  cylindrical 
boilers.  In  most  navies  the  cylindrical  boiler  seems  to  have  been 
definitely  and  entirely  abandoned,  except  in  partial  installation  in 

large  vessels  in  conjunction  with  water-tube  boilers.  This  compro- 
mise arrangement  has  found  much  favor  in  Germany  and  has  been 

used  in  Holland,  and  is  to  be  tested  by  the  British  Admiralty.  The 

numerous  tactical  and  constructional  advantages  of  the  water-tube 
boiler  over  the  cylindrical  have  been  so  often  stated  in  previous  issues 

of  these  notes,  and  are  so  thoroughly  discussed  in  the  appended  arti- 

cle, "The  water-tube  boiler  question  in  the  German  navy."  that  il 
would  be  superfluous  to  enumerate  them  here.  There  is  a  conserva- 

tive element  in  Great  Britain  that  has  consistently  upheld  the  cause  of 
the  cylindrical  boiler  for  use  in  the  British  service,  and  these  took 

much  heart  from  the  result  of  the  Hyacinth-Minerva  trials  last  sum- 
mer, the  Admiralty  report  of  which  is  here  appended.  But  as  to 

actually  settling  the  vexed  question  the  results  of  these  famous  trials 
would  appear  to  be  unsatisfactory,  for,  though  they  showed  that  the 

Scotch  boilers  of  the  Minerva  were  superior  to  the  Hyacinth? 8  Belle- 
villes,  the  tests  did  not  prove  that  the  Scotch  boiler  is  superior  to  other 

types  of  water-tube  boilers,  but  simply  seemed  to  confirm  what  the 
previous  trials  had  shown — the  special  faults  and  deficiencies  of  the 
Belleville  generator. 

Of  course  a  section  of  the  English  and  the  continental  technical 

press,  and  world,  did  not  accept,  without  much  protest,  these  results. 
and  made  claim  that  much  of  the  lack  of  success  with  Belleville  boilers 

in  the  British  service  was  due  to  unskillful  care  and  operation  by  the 

personnel.  That  there  may  be  ground  for  this  claim  is  shown  by 
more  successful  experiences  with  Bellevilles  in  other  British  vessels, 
and  particularly  in  the  trials  of  the  new  cruiser  Good  ]!<>/>> .  though 

it  has  b}T  this  become  well  known  from  sad  experience  that  the  per- 
formances of  a  vessel's  boilers  during  trial  trips,  even  of  an  extended 

nature,  are  no  criterion  of  their  subsequent  behavior  under  service 
conditions. 

France,  Italy,  and  other  naval  powers  have  been  using  Belleville- 

with  satisfactoiy  results  during  the  past  few  years.     While  the  Brit- 
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ish  Admiralty  were  evidently  justified,  from  the  evidence  before  them, 

in  condemning  the  exclusive,  or  even  extended,  use  of  the  Belleville  in 

their  service,  the  engineering  world  in  general  feels  that  further 

exhaustive  and  long-lasting  trials  in  competition  with  other  water-tube 
boilers  are  essential  before  this  system  can  be  definitely  condemned 

or  placed  in  its  proper  position  in  a  relative  scale  of  merit  of  the  various 

types.  Germany  and  Italy  have  both  engaged  in  such  tests,  accounts 
of  which  are  given  further  along  in  these  notes,  and  Great  Britain  is 
now.  as  befits  the  much  greater  size  of  her  navy  and  her  vital  interest 

in  Mich  matters,  about  to  carry  out  comparative  trials  upon  the  largest 

scale  yet  undertaken.  The  results  of  these  trials  will  be  watched  with 

the  very  greatest  interest,  for  the  problem  is  still  very  indefinite,  and 
the  net  results  of  investigation  to  date  force  us  to  the  conclusion  that 

though  the  water-tube  boilers  are  superior,  indeed  essential,  for  our 
new  vessels,  yet  each  of  the  types  in  use  has  its  own  special  defects 

and  disadvantages.  The  problem  would  appear  to  be  to  find  the  boiler 

that  has  the  least  of  such  faults,  or,  better  yet,  to  set  about  eliminat- 
ing them  in  the  present  systems,  or  to  discover  an  entirely  new  type 

that  shall  be  free  from  them. 

Water-tube  boilers  ma}T  be  divided  into  two  general  classes— ̂ small 
tube  and  large  tube  There  has  been  controversy  during  the  past 

year  as  to  the  relative  merits  of  the  two  types  for  use  in  large  vessels. 

In  the  small-tube  type  we  have  straight  or  bent  tubes  of  an  inch  or  so 
in  diameter  connecting  water  pockets  at  the  bottom  to  a  cylindrical 

steam  drum  at  the  top.  This  type  has  been  almost  universally  used 

in  all  navies  for  launches,  torpedo  boats,  destroyers,  in  many  gun- 

boat-, and  in  small  cruisers,  and  in  France,  Germany,  and  >ome  of  the 

smaller  navies  to  a  greater  or  less  extent  in  large  vessels.  The  Yar- 

row. Thornycroft,  Thornycroft-Schulz,  Normand,  Normand-Sigandy, 
Norma nd,  and  Guyot  are  the  principal  boilers  of  this  type.  The  small- 

tube  boiler  first  came  to  life  about  twenty-five  years  ago.  owing  to  tin1 

demand  then  for  higher  speeds  in  torpedo  boats.  It  is  a  very  light 
boiler,  which  can  he  forced  to  an  extent  that  other  steam  generators 

'•an  not.  It  has  practically  enabled  the  modem  torpedo-boat  destroy  - 
to  attain  their  great  speeds;  hut  the  life  of  the  boiler  is  very  short, 

the  repairs  required  very  great,  and  the  skill  in  handling  very  consid- 
erable. Tl  icrifices  are  only  what  can  be  expected  from  a  boiler 

gned  to  drive  -such  frail  craft  a-  destroyers.  Their  average  life  is 
about  two  or  three  years  in  such  racking  service,  but  there  are  several 

new  boat-  lying  in  the  dockyard  reserves  that  have  had  t<>  have  their 
boilers  retubed  in  spite  of  only  having  recently  been  built,  and  never 
having   -trained   except  on  their  trials.      Thifl    IS   due  to  the  deea\    that 

on  inside  the  tube  while  the  boiler-  are  idle,  and  a-  the  tube-  are 

thin   thev    eonscquentlv    can   not   afford   to   lose   ven    much   in 
fchickne 

L800     <»L>         i.( 
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The  general  tendency  lately  has  been  toward  the  elimination  of  the 

small-tube  boiler  for  large  vessels,  owing  to  the  known  difficulties  in 
cleaning  them  and  to  dangers  in  operation.  However,  the  French  and 
German  admiralities  have  by  no  means  entirely  abandoned  them, 
though  there  have  been  a  series  of  most  unfortunate  catastrophes  and 

failures  with  small-tube  boilers  in  both  services  during  the  past  year. 
The  distinctly  adverse  opinion  of  the  British  boiler  committee  with 

regard  to  this  class  of  generators  in  large  vessels  was  a  decided  set- 
back for  the  type. 

The  large-tube  boilers,  now  the  subject  of  so  much  controversy,  con- 
sist essentially  of  a  group  of  more  or  less  inclined  straight  tubes  which 

are  jointed  to  a  single  or  series  of  vertical  collectors,  which  connect  a 
water  collector  at  the  bottom  to  a  cylindrical  steam  drum  at  the  top. 

The  tubes  are  single,  of  the  ordinary  type,  as  in  the  Babcock- Wilcox 
or  Belleville,  or  of  the  double  or  Field  t}^pe,  as  in  the  Niclausse  or 

Durr.  These  four  are  the  leading  t}Tpes  of  large-tube  boilers  and  are 
those  with  which  the  principal  experiments  are  now  being  conducted 
abroad.  The  new  type  of  Yarrow  boiler,  which  has  found  favor  in 
Holland  and  Austria,  might  be  said  to  be  a  compromise,  for,  while  it 

retains  the  general  constructional  arrangement  of  the  small-tube  type, 
its  tubes  have  been  made  much  larger  than  formerly. 

Following  will  be  found  notes  upon  the  system  of  boiler  installations 
in  the  principal  navies  with  recent  experiences  in  operation  and  trials. 
The  South  American  powers,  which  possess  a  number  of  large  and 
important  vessels,  have  in  every  case  had  them  constructed  in  British 

or  European  shipyards  and  have  adopted  the  particular  typo  of  gener- 
ator most  in  favor  at  the  various  shipyards,  so  they  have  formed  no 

consistent  naval  boiler  policy. 

AUSTRIA. 

After  making  rather  unsuccessful  trials  in  the  Lussin  with  the 
earlier  type  of  Durr  boiler,  the  Austrian  Government  adopted  the 
Belleville  and  Yarrow  boiler,  and  at  present  they  seem  to  be  about 
equal  as  to  preference. 

DENMARK. 

This  Government  has  installed  the  Thornycroft  small-tube  boiler  in 
its  new  coast-defense  ironclads,  following  the  results  of  an  installation 
of  8  boilers  of  this  type  in  1898  in  the  small  cruiser  Ot  isi  r. 

FRANCE. 

The  French  Admiralty  have  passed  through  a  year  of  much  doubt 
and  uncertainty  in  regard  to  boilers,  and  nowhere  has  the  question  of 
small  versus  large  tube  generators  raged  more  furiously.  Almost  the 
first  to  install  the  water-tube  boiler,  France  has  for  a  number  of  years 



227 

committed  herself  absolutely  to  the  t}Tpe.  As  a  consequence  we  have 

more  types  originating-  in  France  than  any  other  country,  and  the 
French  navy  has  made  trial  of  five  systems.  These  are  Belleville, 

Lagrafel-d'Allest.  Niclausse,  Gu}Tot,  and  Normand-Sigandy. 
The  Lagrafel-d'Allest,  a  straight  inclined-tube  boiler,  the  tubes 

being  dudgeoned  into  large  single  headers  at  front  and  rear,  was  early 
condemned  in  consequence  of  a  serious  accident  with  this  type  on  the 

Jaureguiberry  and  because  of  the  great  care  required  in  working 
them.  Before  their  abandonment,  however,  they  were  fitted  into  a 

number  of  important  French  vessels. 
The  Belleville  and  Niclausse  boilers  have  been  very  extensively 

used.  The  former,  having  been  on  the  market  for  a  longer  time,  has 

a  greater  total  of  I.  H.  P.  in  use  than  the  latter.  Recently  the  orders 

ire  about  evenly  distributed  between  them.  One  hears  very  little 

complaint  from  French  naval  engineers  as  to  their  operation,  and  in 

fact  considerable  praise  as  to  the  ease  with  which  they  may  be  cleaned, 

eared  for,  and  repaired. 

The  Guyot  and  Normand-Sigandy  boilers  of  the  small -tube  type 
have  been  installed  in  a  number  of  French  vessels,  including  some  of 

the  largest  and  most  important  cruisers  in  the  service.  Among  others 

are  the  Jeanne  d' ) Arc,  Chateau- Renault,  Montcalm,  and  Jurien  de  la 

Q ra /•/ 'ere.  These  vessels  during  the  past  year  have  undergone  an 
unfortunate  series  of  trials  and  mishaps,  which  have  done  much  to 

destroy  faith  in  the  small-tube  boiler. 

The  CJvateau- Renault  had  her  trials  last  August,  at  which  time  she 

obtained,  in  a  three-hour  trial,  the  splendid  speed  of  24.2  knots. 
As  far  as  can  be  learned,  during  this  trial  the  boilers  functioned 

satisfactorily,  and  the  faults  developed  were  all  in  the  engine  room. 

During  a  six-hour  trial  this  vessel  developed  18,500  horsepower  at  118 
revolutions,  giving  a  speed  of  21.5  knots,  with  a  coal  consumption  of 

L.423  pounds  per  horsepower  hour.     These  results  are  excellent. 

The  Jeanne  d*Arc  was  taken  out  for  her  first  trials  the  latter  part 
of  July.  This  LI, 000-ton  cruiser  has  Guyot  boilers  designed  to  fur- 

nish 28, 500  horsepower  for  23  knots  speed.  Twenty-four  out  of  the 
80  boilers  were  started  up.  Almost  at  the  beginning  it  was  found 

that  coal  could  not  be  directly  thrown  into  the  furnaces,  but  must   be 

put  in  from  one  side.      The  temperature  in  the  fire  rooms  rose  to   L55 

The  water  U'cd  began  to  fail  and  the  boilers  became  red  hot.     The 
fire  room  force  abandoned  the  stokeholes  in  a  panic,  fearing  an  awful 
Catastrophe,  and  they  were  only  driven  back  in  order  to  draw  tires   in 

of   the  boilers  which  were    at  a  red  heat  and   I  I   in  which  the  water 

level    had   disappeared.     With    the   remaining    I    boilers   the   vessel 
crawled  buck  into  port  at  a  speed  of  2  to  3  knots.     In  consequence  of 
thi*  accident  the  installation  is  being  extensively  overhauled,  and  the 

el  will  probably  not  be  read}  for  her  final  trial  before  the  com 
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ing  summer.  For  the  same  reason  the  Jurien  de  al  Graviere  and 

Montcalm  have  also  undergone  extensive  modifications  in  their  boil- 
ers. In  her  own  trials  the  Montcalm  experienced  the  same  excessive 

temperature  in  the  stokeholes. 

GERMANY. 

The  progress  of  the  boiler  question  in  the  German  navy  will  be 
found  exhaustively  treated  in  the  appended  article  by  Herr  von  Jaski. 

It  may  be  added  that  the  German  authorities  are  strongly  actuated  by 

patriotic  motives  in  their  selection  of  the  Durr  and  Thornycroft- 
Schulz  (or.  as  they  prefer  to  call  it,  Schulz)  boilers,  as  both  these  arc 

of  German  manufacture.  Actually  the  Durr  boiler  closely  resembles 

the  Niclausse,  and  while  it  possesses  most  of  the  advantages  of  that 

boiler,  it  is  claimed  by  French  and  British  marine  engineers  to  possess 

certain  additional  disadvantages.  The  Schulz  boiler  is  simply  a  slight 

modification  of  the  Thorny  croft  type,  and  in  fact  they  are  now  con- 
solidated under  the  double  name. 

This  latter  type  of  generator  has  been  unfortunate  in  one  or  two 

eases  during  the  past  year.  On  the  Ariadne  in  one  of  her  boilers  60 

tubes  were  damaged  badly.  39  of  them  having  their  ends  torn  loose 
from  the  drum,  the  other  21  being  much  twisted.  Two  men  were 

killed  and  four  injured  in  the  explosion.  Later,  on  the  coast-defense 

ship  JEgir,  while  bound  out  from  Kiel,  a  number  of  tubes  split  sud- 
denly, and  a  burst  of  flame  came  out  into  the  fire  room,  burning  badly 

three  pett\T  officers  and  two  firemen. 

ITALY. 

The  Italian  navy  has  confined  itself  to  two  types  of  water-tube 
boilers,  both  French — the  Niclausse  and  Belleville — for  the  new  vessels 

now  building,  the  number  of  installations  being  about  equally  divided. 

Italy  has  been  conservative  in  regard  to  the  water-tube  boiler,  and  few 
finished  vessels  in  her  service . have  them  installed.  That  the  Italian 

Admiralty  is  desirous  of  determining  a  single  type  to  be  adopted  is 

shown  by  the  comparative  trials  of  the  Niclausse  boilers  in  the  Grari- 
baldi  and  Bellevilles  in  the  sister  ship  Varese. 

A  board  of  officers,  with  a  rear-admiral  of  the  Italian  navy  as  presi- 

dent, conducted  the  experiments.  Both  ships  were  p'aced  under 
exactly  the  same  condition  with  reference  to  the  cleanliness  of  their 

bottoms,  trim,  and  other  features,  the  ships  being  of  the  same  tonnage. 
It  was  intended  that  there  should  be  continuous  trials  for  a  period  of 

sixty  hours,  but  the  trial  was  only  continuous  for  twenty-four  hours, 

November  '2'2-'2?k  1901,  along  the  route  from  Naples  to  Augusta. 
The  results  show  that  the  two  types  of  boilers  are  practically  the 

same  except  in  regard  to  the  consumption  of  coal  per  horsepower- 
hour  and  for  the  consumption  of  water. 
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The  data  of  tlio  trials  arc  as  follows: 

Data. 

Duration  of  trials   hours. . 

Average  speed   knots. . 
Distance  steamed   do   

Mean  draft  at  beginning   feet. . 

Corresponding  displacement   tons. . 
N  umber  of  boilers,  main  engine   

Boilers  for  auxiliaries   

Total  grate  surface,  boilers  for  main  engines   ■.   sq.  M.. 
Total  heating  surface,  boilers  for  main  engines   do   
Mean  I.  H.  P   

Coal  per  square  meter  of  grate  per  hour   kilograms. . 

Coal  per  horsepower  per  houi   pounds. . 

Horsepower  per  square  meter  of  grate   

Horsepower  per  square  meter  of  heating  surface   ,   

Total  coal  per  horsepower-hour,  including  auxiliaries   pounds. . 
Approximate  consumption  of  water  during  trial   tons.. 

Garibaldi       Varepe 
i  Niclausse).  (Belleville). 

24 

17. 05 
412 

24.1 

7,763 

10 

(«) 
(17.  52 

2,821.12 

6, 815. 48 86.  88 
1.89 

100.  94 

3.12 

2. 082 

14, 900 

20, 

24 
16.04 

392.  2 

24.  I 940 

1(1 
4 

64.12 077. 10 

380.  00 78.  70 

1.7G 

99.  CO 

3. 074 
1 .  94 

030 

«  Four  for  first  two  hours  and  two  for  rest  of  trial. 

Some  of  the  tubes  in  both  Niclausse  and  Belleville  boilers  were 

found  to  be  indented  with  fine  cracks  varying-  to  a  maximum  of  from 
14  to  15  millimeters.  These  slight  cracks  did  not  require  the  tubes  to 

be  replaced  nor  amy  special  repairs. 
The  board  reported  that  after  the  trials  all  the  boilers  were  in  good 

condition  for  any  service. 

The  conclusion  was  arrived  at  that  in  the  twenty-four-hour  trial  the 
Belleville  and  Niclausse  boilers  fulfilled  all  the  requirements  of  regular 

service,  both  giving  practically  identical  results. 
it  is  interesting  to  note,  in  view  of  the  complaints  in  this  respect  of 

the  Bellevilles  in  H.  M.  S.  Hyacinth  during  the  vessel's  Gibraltar  run. 
the  much  greater  consumption  of  fresh  water  of  the  Bellevilles  than 
the  Niclausse. 

JAPAN. 

The  Japanese  authorities  have  always  clearly  followed  in  every 

respect  the  British  Admiralty  and  most  of  their  larger  vessels  have 

been  built  in  British  shipyards.  Thus,  with  the  extensive  adoption 

of  Bellevilles  by  the  British,  Japan  followed  their  example.  Lately 

they  have  begun  to  install  Niclausse,  the  cruisers  Nutaka,  Tsushima^ 

and  Yaeyama  being  thus  fitted.  This  progressive  power,  though,  is 
not  entirely  content  to   use   foreign    installation   and    now   is  titling  in 

the  Hashidate,  of  4-,278  tons  displacement,  8  water-tube  boilers  of  a 

new  type,  Invented  by  a  Mr.  Miyahara,  a  Japanese.  This  boiler  has 
been  used  in  some  mercantile  steamers  and  has  been  found  w\\  sue- 

lul.  hut  it-  employment  in  a  man-of-war  will  commence  with  the 

HoHhidate.     A    ihi-  ve  ister  ships  are  fitted  wiih  Bellevilles,  a 
►od  opportunity  will  be  afforded  for  comparative  trials. 

I  "i   mall  cruisers  the  Japanese  authorities  have  made  use  <>i  the 
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Thornycroft  and  Normand  types,  but  have  not  extended  their  use  in 
larger  units. 

NETHERLANDS. 

This  country  has  recently  entered  upon  a  more  extensive  building 
programme  and  in  doing  so  was,  of  course,  confronted  by  the  inevitable 
question  of  boilers.  In  their  series  of  present  cruisers  the  first  three 

were  built  with  a  compromise  installation  of  three-fourths  Yarrow 
and  one-fourth  cylindrical  boilers  (for  ordinar}^  speeds).  The  Yarrows 
seem  to  have  given  satisfaction,  for  the  later  cruisers  of  this  series 

were  fitted  with  the  Yarrow  exclusively,  as  have  been  the  new  iron- 
clads under  construction.  These  boilers  are  of  the  large-tube  Yarrow 

type. 
NORWAY  AND  SWEDEN. 

The  Yarrow  boiler  has  been  adopted  for  the  new  vessels  of  these 
countries.  A  trial  installation  of  the  Babcock  &  AVilcox  type  was 
made  in  the  Norwegian  corvette  Ellida. 

RUSSIA. 

The  Russian  navy,  following  in  this  question  the  British  navy,  at 
first  adopted  the  Belleville,  and  there  are  a  number  of  large  vessels 
equipped  with  this  type.  Lately,  in  consequence  of  some  experiments 
on  the  gunboat  Herabry,  the  Niclausse  system  was  adopted  for  the 

Variag  and  Retvisan,  and  the  results  of  these  vessels'  trials  were  suc- 
cessful. Finally  it  has  placed  Thornycroft-Schulz  and  Normand  boil- 

ers on  two  large  cruisers.  It  is  most  likely  that  the  latter  resolution 

was  taken  in  order  to  make  comparisons  between  the  apparatus  gen- 
erally in  use  now.  In  connection  with  this  idea  Russia  has  had 

recently  launched  from  a  German  shipyard  the  large  collier  and  train- 
ing ship  for  firemen,  Okean.  This  vessel  has  a  boiler  installation 

comprising  four  different  types,  distributed  as  follows:  Six  Belleville 

boilers,  6  Niclausse,  3  Yarrow,  and  2  Thornycroft-Schulz.  The 
engines  are  to  develop  18  knots  with  11,000  I.  H.  P.  This  novel  ves- 

sel should  prove  very  useful  in  the  instruction  of  the  fire-room  per- 
sonnel of  the  Russian  service  as  well  as  in  affording  an  opportunity  for 

comparing  the  operation  and  economy  of  the  types  installed.  Russia 

has  had  only  partial  success  with  Thornycroft-Schulz  boilers  as 
installed  in  the  Askold,  which,  during  her  trials,  had  more  than  900 
tubes  burned  out  on  one  trip  ami  was  not  able  to  make  her  contract 
speed. 

SPAIN. 

The  Spanish  navy  is  now  building  no  new  vessels.  It  has  some 
large  vessels  still  uncompleted  on  its  hands,  which  were  laid  down 
several  years  ago.  It  is  not  easy  to  determine  its  preference.  It  is 
placing  Belleville  in  the  Rena  Regente,  the  last  vessel  on  the  stocks. 

The  Pdayo  and  the  ill-fated  Colon  were  fitted  with  Niclausse.  The 
cruiser  Rio  de  la  Plata  is  fitted  with  Xonnaml-Sigandy  boilers.     An 
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article  on  the  means  emplo}Ted  in  their  care  and  preservation  on  this 
vessel  in  the  Revista  General  tie  Marina  for  August,  1901,  tells  us 
that  these  boilers  were  run  for  fifteen  months  for  a  cruise  of  21,000 

miles  without  an  accident  or  a  plugged  tube.  Though  it  is  evident 

that  special  care  was  taken  and  no  high  speeds  demanded  in  their  case, 

it  shows  well  for  the  generally  condemned  small-tube  boiler  type. 

The  new  Estramadura  is  being  fitted  with  Thorny crof  t-Schulz  boilers. 

GREAT  BRITAIN. 

This,  the  most  important  naval  power,  has  been  left  to  the  last  for 

discussion,  because  its  tests  and  trials  have  been  so  much  more  ex- 
tended, more  thorough,  and  more  conclusive  than  those  of  any  other 

nation  that  the}7  will  best  serve  as  a  summation  of  the  perplexing  ques- 

tion as  it  stands  to-da}7.  A  careful  perusal  of  the  report  of  the  Admi- 
ralty boiler  committee  and  a  thorough  and  impartial  reading  of  the 

voluminous  editorials  and  articles,  partial  and  impartial,  that  have 

appeared  in  the  British  and  foreign  technical  and  general  press  during 

the  year  past,  can  not  but  lead  to  the  conclusion  that  we  have  made 

little  progress  toward  the  solution  of  the  problem,  except  it  be  the 

impulse  or  pressure  that  has  led  the  British  Admiralty  to  order  a  large 

and  varied  comparative  installation  of  water-tube  boilers  in  large  units. 
The  tests  of  boilers  of  various  types  in  destroyers  and  small  gunboats 

have  been  interesting  and  have  given  us  some  valuable  data,  but  the}r 
have  not  been  conclusive.  Most  engineering  men  are  satisfied  in  their 

minds  as  to  the  desirability  of  some  type  of  small-tube  boiler  for  very 
fast  small  craft,  just  which  type  being  a  matter  of  local  opinion  and 

minor  consideration.  But  they  are  by  no  means  satisfied  as  to  the 

proper  generator  of  energy  for  the  vital  units  of  the  fleet,  those  upon 

which  the  fate  of  the  nation  depends  primarily,  the  large  battleships 

and  armored  cruisers  and  "commerce  destroyers,"  that  all  navies  are 
laying  down,  and  in  which  so  many  thousands  of  horsepower  are 

required,  and  whose  boilers  represent  vast  sums  of  money  not  to  be 

thoughtlessly  expended  for  this  or  that  preference  of  the  moment,  or, 

when  once  installed,  not  easily  changed  except  at  great  trouble  and 
cost.  This  is  the  question  which  is  engrossing  the  engineering  mind 

to-day,  and  if  the  British  Admiralty's  tests  but  solve  it  they  will  have 
conferred  a  most  valuable  benefit  not  only  upon  their  own  service  but 

upon  all  the  navies,  whose  officers  are  following  with  keen  interest  the 

development  of  the  problem.  The  following  article  in  Engineering 
for  January  24,  L902,  shows  the  plans  of  the  Admiralty  with  respect 

to  these  large  installations: 
THE  BOILERS  FOB  THI  NEW  BRITISH  ITAH  SHIPS. 

Admiralty  contractor!  throughout  the  country  are  at  the  present  time  engaged  in 
preparing  tenders  for  tin-  construction  of  2  battleships,  5  armored  cruisers,  and  2 
third-clan*  cruisers;  and  the  situation  li  rendered  the  mimic  Interesting  in  vieu  of  the 
Eact  that  tin-  Admiralty  have  developed  their  policj  in  connection  with  the  boilei 
question,  and  thut  there  ii  :i  probability  that  in  these  neu  ihips  there  will  !»<■  fitted 
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several  different  types  of  steam  generators,  which  have  been  tested  by  long  sea 

steaming  in  various  gunboats  of  the  Sharpshooter  class  and  in  one  or  two  sloops  of 

war.  While  the  Belleville  boiler  was  being  extensively  applied,  experiments  were 
continued  with  the  Babcock  &  Wilcox,  Xiclausse,  and  other  types,  and  thus  data 

have  been  accumulated  which  has  now  resulted,  under  the  stimulus  of  the  water-tube 

boiler  committee,  in  a  greater  variety  of  water-tube  boilers  for  the  new  vessels. 
Indeed,  the  most  important  question  in  connection  with  the  two  ships  has  reference 

to  the  type  of  boiler  in  use.  Thus,  in  connection  with  the  first-class  cruisers,  of 
which  five  are  to  be  built  by  contract  and  one  in  a  dockyard,  four  alternative  boiler 

systems  are  proposed,  although  the  Yarrow  boiler  gets  first  place  in  the  specification, 
and  there  is  thus  more  than  a  suggestion  of  its  securing  first  consideration. 

Although  a  comparison  of  the  economy,  of  the  facility  in  working,  and  particu- 
larly of  the  cost  of  repairs  of  such  several  types  applied  to  one  class  of  ship  would  be 

the  most  important,  we  must  at  present  be  satisfied  with  an  examination  of  the  par- 
ticulars of  design,  accepting  these  as  indicative  of  the  steaming  capabilities  of  the 

different  boilers.  The  power  to  be  developed,  it  may  be  said,  is  22,000  indicated 

horsepower;  and  as  in  all  war  ships  weight  had  to  be  minimized  as  much  as  pos- 
sible so  as  to  secure  adequate  armored  protection,  satisfactory  bunker  capacity,  a 

powerful  armament,  and  a  large  storage  of  ammunition,  the  weight  given  may  be 

assumed  as  being  the  least  possible  for  the  power  stated  with  assurance  of  success. 

In  the  primary  design  22  boilers  of  the  Yarrow  type  are  specified;  in  second  and 

alternative  arrangement,  25  of  the  Durr  type;  in  a  third,  34  of  the  Xiclausse,  and  in  a 

fourth,  25  of  the  Babcock  &  Wilcox.  The  steam  pressure  at  the  engines  in  all 

cases  is  the  same — 250  pounds — but  in  the  boilers  of  the  two  last-named  types  a 
greater  margin  is  allowed,  the  boiler  pressure  being  suggested  at  270  pounds,  while 
in  the  Yarrow  and  Durr  boilers  it  is  260  pounds;  but  the  difference  is  immaterial, 

and  obviously  no  reducing  valve  is  anticipated.  The  Yarrow  boilers  have  the 

greatest  heating  surface  per  unit  of  power  to  be  developed — 3  square  feet  per  indi- 
cated horsepower,  as  compared  with  about  2.6  square  feet  in  the  other  cases,  the 

Babcock  boiler  having  slightly  more  than  the  Durr  and  the  Xiclausse.  The  Yarrow 

boiler  is  expected  to  consume  more  coal  per  square  foot  of  grate  than  the  others:  the 

variation  in  the  power  expected  from  the  bar  surface  being  considerable — 12.2  indi- 
cated horsepower  per  square  foot  in  the  Xiclausse,  14.4  indicated  horsepower  in  the 

Durr,  12.5  indicated  horsepower  in  the  Babcock  &  Wilcox  type,  and  20  indicated 

horsepower  with  the  Yarrow  boiler.  As  regards  weight,  the  Yarrow  type  comes  out 

most  advantageously,  although  the  difference  is  not  so  great  as  might  have  been 

anticipated,  the  total  being  1,832  tons,  whereas  the  Durr  boilers,  with  the  same 
machinery,  weigh  20  tons  more,  the  Xiclausse  60  tons  more,  and  the  Babcock  & 

Wilcox  25  tons  more;  thus  the  power  per  ton  of  weight  varies  only  between  12  and 
11.62,  as  indicated  in  the  table  of  particulars  given: 

Comparison  of  boilers  of  different  types  for  92,000  indicated  horsepower  cruisers. 

Type  of  boiler. 
Belle- 
ville. Yarrow.       Durr. 

Number    31 

Boiler  pressure   pounds . .  300 

Heating  surface   square  feet . .  50, 300 

Grate  area   do    1,610 

Heating  surface  per  indicated  horsepower  .  .do. .    .  'J.  29 
Indicated  horsepower  per  square  foot  of  area    18.65 
Total  weight  of  machinery   tons. .  1,750 

Indicated  horsepower  per  ton    12.57 

■12 

260 

66,000 

1,100 3 

20 
1 .  882 

12 

260 

Ni- 

34 

■.'70 

57,000 
57, 200 

1 .  S25 l .  800 
•J.  .v.t J.  8 

14.4 12.2 
S 

11.87 
11.62 

Babcock 

.v  Wil- 

cox. 

270 
l .  708 

11.81 
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Several  cruisers  now  being  constructed  are  of  practically  the  same  type,  and  known 

as  the  County  class.  Belleville  boilers  are  being  fitted  to  most  of  them,  and  here  the 

power  is  exactly  the  same,  so  that  a  comparison  is  not  without  interest.  The  heat- 
ing surface  allowed  per  indicated  horsepower  is  less  than  in  any  of  the  four  alterna- 
tive designs,  being  2.29  square  feet  as  compared  with  from  2.59  to  3  square  feet,  while 

the  power  per  square  foot  of  grate  is  13.65  indicated  horsepower,  as  compared  with 
from  12.2  to  20  indicated  horsepower.  In  the  matter  of  weight  the  Belleville  boiler 

lias  the  advantage,  the  total,  including  machinery,  being  82  tons  less  than  the  lowest 

of  the  four  alternative  designs,  and  142  tons  less  than  the  highest.  This  is  the  more 

remarkable  as  the  engines  do  not  differ  much. 

It  may  be  said  that  the  machinery  is  to  be  of  the  triple-expansion  type,  with  four 

cylinders,  as  now  adopted  in  all  naval  practice,  the  high-pressure  having  a  diameter 
of  37  inches,  the  intermediate  of  60  inches,  and  the  two  low  pressures  of  69  inches, 

the  piston  stroke  being  42  inches,  so  that  at  140  revolutions  the  usual  piston  speed  in 

navy  ships  of  980  feet  per  minute  will  require  to  be  made  to  get  the  power  required. 

The  ships  are  to  have  a  speed  of  23  knots,  when  the  displacement  is  10,200  tons;  this 

is  400  tons  more  than  in  the  former  ships  of  the  same  class,  the  length  being  10  feet 

more — i.  e.,  450  feet;  breadth,  67  feet,  as  compared  with  66  feet;  and  the  depth,  38 
feet  4  inches,  or  1  inch  more,  while  the  draft  is  maintained  at  24  feet  6  inches. 

The  side  armor  will  be  of  4  inches  in  thickness,  and  the  armament  will  include,  as 

we  described  in  a  recent  article,  two  7.5-inch  guns,  with  ten  6-inch  weapons,  as  well 
as  a  large  number  of  smaller  guns. 

In  the  case  of  three  battleships  to  be  built,  the  question  of  boilers  is  equally  inter- 
esting, as  in  this  case  Babcock  &  Wilcox  boilers  are  to  be  adopted  in  two,  while  in 

the  third  there  is  proposed  a  combination  of  cylindrical  with  this  same  design  of 

water-tube  steam  generator.  Here,  again,  comparison  is  possible  with  the  Belle- 
ville system,  for  the  new  battleship  machinery  will  be  very  similar  to  the  engines  of 

the  six  vessels  of  the  Duncan  class  now  being  completed,  in  which  Belleville  boilers 

are  used  to  get  the  same  power  of  18,000  indicated  horsepower  from  engines  whose 
cylinders  are  of  the  same  diameter  as  those  in  the  new  King  Edward  VII class.  As 

to  weight,  the  whole  machinery,  with  the  Belleville  boiler  works  out  at  1,580  tons, 

while  with  the  Babcock  &  Wilcox  system  the  total  becomes  1,735  tons,  and  with 

cylindrical  boilers  providing  two-fifths  of  the  power  the  total  is  1,885  tons,  or  300 
lone  more.  It  is  scarcely  necessary  to  labor  the  point  that  this  extra  weight  involves 

forfeiture  of  some  of  the  offensive  or  defensive  qualities  of  the  ship,  or  an  increase  in 

the  weight  and  size  of  the  ship  to  provide  for  the  heavier  boilers,  and  again  for  the 

extra  material  resulting  for  larjj:e  dimensions  of  hull.  Here  are  the  leading  particu- 
of  the  three  systems: 

Comparison  of  boilers  for  18,000  indicated  horsepower  battleship. 

Humber   

  pounds.. 

  square  feel . . 
  do   

,n-,i<  >■  pci  i iic lira ic< i  horsepower    square  feet.. 
Indicated  horw  pow<  i  pi  r  grate  area       

Ill    <-!    JliiUllllHI  \ 

Indicated  horsepower  pei  ton  of  machinery 

Belleville. 

24 

800 

48,260 

2,  i 18.  i 
1,580 
II    I 

Babcock 
& 

Wilc-x. 

It; 
270 

47,260 

1 ,  HR) 

10.  I 

in  .;-. 

8  Babcock  A 

Wilcox, 

|  <•>  lindrical. 

i  i  and  6 

210 

27, 880  and— 817  and  186 

i 

It  will   thus  be    -ecu    iluii    the    indicated    horsepower   per   i<>n   of 
Machinery  is,  with  the  combination,  0.64   indicated  horsepower,  and 
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with  the  Babcock  &  Wilcox  10.37  indicated  horsepower,  as  compared 
with  11,4  indicated  horsepower  in  the  case  of  the  Belleville  boilers. 
With  the  inclusion  of  the  tank  boiler  in  the  steam  generation  system, 
a  reduction  of  pressure  has  been  made  imperative,  from  300  pounds  and 

270  pounds,  respectively,  with  the  purely  water- tube-boiler  arrange- 
ments to  210  pounds,  and  this,  again,  has  rendered  larger  cylinders, 

etc.,  necessary.  Thus,  in  the  Duncan  class  and  again  in  the  two  ships 
of  the  King  Edward  VII  class,  to  have  Babcock  &  Wilcox  boilers 

the  diameters  are  to  be  the  same,  33J  inches  in  the  case  of  the  high- 
pressure,  54^  inches  in  the  intermediate,  and  63  inches  in  the  two  low- 
pressure,  while  in  the  vessel  with  the  double  system  of  boilers  the  diam- 

eters are  38,  60,  and  67  inches,  respectively,  the  stroke  continuing  the 
same,  48  inches,  and  also  the  piston  speed,  960  feet  for  120  revolutions. 

The  reduction  in  steam  pressure  may,  however,  lessen  the  loss  in  auxil- 
iary machinery  when  working  simple  or  even  compound,  but  a  large 

part  of  this  loss  in  economy  has  already  been  compensated  for  in  high- 
pressure  steaming  ships  by  the  use  of  the  exhaust  from  these  in  dis- 

tillers, etc.,  or  by  passing  it  into  the  intermediate  or  low-pressure 
cylinder  receiver.  However,  we  have  no  intention  of  speculating  as 
to  the  probable  results  of  the  changes;  the  particulars  of  design  are 
alone  interesting  enough  for  the  present.  It  may  be  added,  however, 
that  the  new  battleships  are  to  be  425  feet  long,  78  feet  beam,  and  43 
in  depth,  and  at  26  feet  9  inches  draft  they  will  displace  16,350  tons. 
Their  speed  is  to  be  18i  knots.  As  to  the  guns,  we  have  dealt  with 

them  in  a  previous  article  (Engineering,  vol.  lxxii,  p.  715). 
At  various  times  during  the  year  the  small  vessels  fitted  with  trial 

installations  of  water-tube  boilers  have  had  test  runs.     The  Sheldn 

and   Espiegle  were   fitted   with   Babcock  <&  Wilcox  boilers  and  the 

Fantome  with  the  Niclausse  t}Tpe. 

The  trials  of  His  Majesty's  sloop  Fantome  in  January  last  were 
specially  interesting,  as  they  were  conducted  under  the  direction  of 

the  water-tube  boiler  committee,  this  vessel  being  the  first  to  be  fitted 
with  the  Niclausse  boiler  since  it  was  experimentally  tried  in  a  torpedo 

gunboat  of  the  Sharpshooter  class.  On  the  low-powTer  run  the  mean 
result  wTas  339  indicated  horsepower,  with  a  coal  consumption  of  1.695 
pounds,  while  the  sister  ship,  Espiegle^  with  Babcock  &  Wilcox  boil- 

ers, at  337  indicated  horsepower,  consumed  only  1.53  pounds:  two 

Belleville-boiler  ships,  Mutine  and  Rinaldo,  at  the  same  power,  burn- 
ing 1.86  pounds  and  1.90  pounds,  respectively.  On  the  second  thirty 

hours' trial,  at  75  percent  of  the  full  power,  the  Niclausse-boiler  ship, 
at  1,020  indicated  horsepower,  equaled  that  with  the  Babcock  boilers, 
the  rates  being,  respectively,  1.53  pounds  and  1.54  pounds,  while  the 
Belleville  ships  named  returned  1.72  pounds  and  1.60  pounds.  On  the 

full  power  the  Niclausse-boiler  ship  did  well  again.  Her  power  \\:i- 
1,453  indicated  horsepower,  speed  13.63  knots,  and  coal  consumption 
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1.53  pounds.  The  E&piegle,  with  the  Babcock  &  Wilcox  boileivs, 

consumed  1.70  pounds,  and  the  two  Belleville-boiler  vessels  1.63 
pounds  tmd  1.61  pounds,  respectively. 

In  the  last  issue  of  these  notes  appeared  the  ad  interim  report  of 

the  admiralty  water-tube  boiler  committee,  and  an  account  of  the 
earlier  trials  of  H.  M.  S.  Minerva  and  Hyacinth.  These  were  fol- 

lowed in  the  spring  of  1901  by  a  series  of  short  trials  and  runs  pre- 
liminary to  the  great  test  run  to  Gibraltar  and  back  July  6  to  20, 1901, 

the  report  of  which  is  appended  here  as  of  much  value.  There  was 
extended  comment  and  discussion  as  to  the  results  of  this  run,  and  the 
boiler  committee  made  a  brief  preliminary  report  on  August  6,  1901. 
The  following  editorial  from  the  London  Times  of  August  28  covers 
the  comments  of  this  report  and  the  general  scope  of  the  situation 
very  thoroughly: 

The  official  "particulars  of  the  recent  sea  trials  of  the  Minerva  and  Hyacinth" 
which  we  printed  on  Monday  constitute  a  fresh  and  most  instructive  chapter  in  the 

long  and  momentous  controversy  concerning  the  boilers  of  His  Majesty's  warships. 
But  they  do  not  by  any  means  close  the  controversy.  On  the  contrary,  they  merely 
illustrate  the  extreme  difficulty  and  increasing  complexity  of  the  problem  which  the 

boiler  committee  is  attempting  to  solve.  The  trials  of  which  the  official  particulars 

have  now  been  published  were  not,  it  should  be  premised,  speed  trials  nor  engine 

trials;  they  were  emphatically  and  exclusively  boiler  trials — an  attempt  to  determine 
by  a  full-speed  run  to  Gibraltar  and  back  whether  the  Belleville  boiler  as  fitted  in  the 
Ili/aeinth  or  the  cylindrical  boiler  as  fitted  in  the  Minerva  is  the  better  boiler  for  use 

in  the  ships  of  His  Majesty's  navy.  So  far  as  speed  is  concerned  the  Minerva  dis- 
tinctly had  the  best  of  it,  seeing  that  on  the  run  home  she  attained  and  maintained 

a  higher  speed,  with  an  average  of  1,000  less  indicated  horsepower,  than  the  Hyacinth. 

But  there  is  nothing  to  show  that  the  defective  speed  of  the  Hyacinth  at  the  highest 

power  developed  wras  due  in  any  respect  or  degree  to  the  nature  of  her  boilers.  On 
the  contrary,  Admiral  May,  the  controller  of  the  navy,  distinctly  says,  in  his  very 

and  instructive  report  on  the  trials,  that  "this  extra  I.  H.  P.  must  have  been 

absorbed  cither  in  the  engines,  or  on  the  main  shafts  bearings,  or  in  the  hull;"  and 
it  needs  no  engineering  knowledge  to  understand  that,  if  a  ship  goes  no  faster,  or  even 

dower,  with  x  -\  1,000  I.  H.  P.  supplied  from  the  boiler,  than  she  goes  with  x 
1.  11.  P.,  it  is  not  the  boiler  that  can  be  blamed.  Indeed,  it  is  distinctly  to  the 

advantage  of  the  Hyacinth's  boilers  that  they  could  attain,  and  did  attain,  an  average 
of  9,400  I.  II.  P.  and  a  maximum  of  10,000  for  at  least  two  hours,  whereas  the  Minerva 

attained  only  an  average  of  8,400  I.  II.  P.,  and  a  maximum  of  8,700 in  circumstances 

about  which  we  will  have  something  lo  say  presently.  As  regards  coal-consumption, 

Bgain,  there  appear.-  to  be  very  little  difference  between  the  two  ships.  When  devel- 

oping 7,000  I.  II.  I',  the  coal  carried  by  tin;  Hyacinth  would  enable  her  to  steam  2,930 
miles,  while  in  the  same  conditions  the  Minerva  could  steam  :{,()00.  As  no  ship  ever 

or  in  time  of  war  ever  could,  run  to  within  measurable  distance  of  the  extreme 

limit  of  her  coal  supply,  this  difference  of  70  miles  is,  for  practical  purposes,  almost 
inappreciable. 

These,  however,  are  not  the  chief  issues  which  the  trials  were  instituted  to  deter- 

mine.    The  essential  question  is,   What  are  the  relative  merits  and   disad  \  anhc  ■■ 

the  two  types  of  boiler,  as  displayed  in  a  sea  trial  at  high  speed,  maintained  as  con- 
tinuously as  was  consistent  with  prudent  navigation,  throughout  two  successive  runs 

"i  over  1,000  miles?  In  general  terms  the  answer  appears  to  be  that  there  is  not 

irery  much  to  choose  between  them.     \    regards  the  rapidit)  of  getting  up  team  for 
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the  prescribed  power  the  difference  was  insignificant.  On  the  run  out  both  ships 
sailed  at  3  p.  m.  under  orders  to  maintain  7,000  horsepower  until  all  of  the  coal, 

except  that  in  the  reserve  bunkers,  was  exhausted.  At  3.45  p.  m.  the  Hyacinth  had 
attained  6,994  horsepower,  and  the  trial  was  considered  to  have  started  from  that 

time.  The  Minerva  reached  the  same  stage  a  quarter  of  an  hour  later.  On  the  run 

home  the  ships,  having  only  such  boilers  alight  as  were  required  for  auxiliary  pur- 
poses in  harbor,  but  having  employed  steam  supplied  by  these  boilers  to  warm  their 

engines  beforehand,  were  ordered  by  signal  at  4.27  p.  m.  to  light  fires  in  the  boilers 

not  at  work  and  to  proceed  to  Portsmouth  as  fast  as  possible.  Three  minutes  later 

the  engines  of  both  ships  were  being  worked  slowly  with  steam  supplied  from  the 

boilers  already  alight,  and  fifty  minutes  later  the  Hyacinth  was  proceeding  at  150 

revolutions  per  minute,  the  horsepower  being  nearly  7,000.  The  same  stage  was 

reached  by  the  Minerva  in  forty-four  minutes,  but  during  the  ensuing  two  or  three 

hours  her  engines  had  to  be  eased  several  times  "on  account  of  eccentric  straps 

warming  up." 
This  result  is  eminently  noteworthy,  as  one  of  the  advantages  claimed  for  the 

water-tube  boiler  is  the  rapidity  with  which  steam  can  be  raised.  Yet  in  the  par- 
ticular cases  under  consideration  there  seems  to  have  been  little  or  nothing  to  choose 

between  the  two.  So  much  for  the  beginning  of  the  run .  Before  its  end  several  things 

had  happened.  Owing  to  serious  leakage,  due  chiefly  to  defective  joints  and  tul 
the  loss  of  water  in  the  boilers  of  the  Hyacinth  was  very  large.  She  had  a  reserve 

tank  stowage  of  about  140  tons,  and  it  was  arranged  that  up  to  a  certain  point  the 

only  make-up  feed  water  should  be  obtained  from  this  source.  In  about  sixty-two 

hours  this  supply  was  reduced  to  35  tons,  and  evaporators  were  then  started  to  aug- 

ment it.  In  less  than  forty-eight  hours  more  the  engines  had  to  be  eased  owing  to 
the  continued  loss  of  water,  and  the  further  trial  had  to  be  abandoned  after  25 

tons  of  drinking  water  had  been  used  for  boiler  make-up,  in  addition  to  all  that  had 
been  taken  from  the  reserve  tank  supply  and  all  that  could  be  obtained  from  all  the 

evaporators  in  full  work.  In  other  words,  the  Hyacinth  had  to  abandon  the  trial 

before  her  coal  was  exhausted  because  she  could  no  longer  supply  water  to  her 

boilers.  The  Minerva,  experiencing  no  similar  difficulty,  was  able  to  continue  the 

trial  for  some  forty-four  hours  longer.  "  The  average  horsepower  of  the  Hyacinth 
was  7,047  for  one  hundred  and  three  and  one  fourth  hours  with  a  coal  consumption 

of  1.97  pounds,  and  the  distance  run  was  1,810  miles  at  an  average  speed  of  1 7.6  knots. 

The  Minerva's  horsepower  was  7,007  for  one  hundred  and  forty-seven  hours  with  a 
coal  consumption  of  2.06  pounds,  and  the  distance  run  was  about  2,640  miles  at  an 

average  speed  of  17.96  knots."  Thus  the  Hyacinth  had  a  slight  advantage  in  coal 
consumption  and  the  Minerva  a  slight  advantage  in  speed,  though  this  latter  advan- 

tage was  of  course  not  due  to  the  boilers,  and  may  have  been  brought  about  by  the 

prevalence  of  clear  weather  after  the  Hyacinth's  trial  was  abandoned.  On  the  other 
hand,  the  effective  range  of  the  Minerva  exceeded  that  of  the  Hyacinth  by  some 

forty-four  hours  and  some  830  miles.  Thus  far,  then,  the  advantage  would  seem  to  lie 
Cjuite  unmistakably  with  the  Minerva,  nor  were  the  difficulties  experienced  by  the 

Hyacinth  in  maintaining  a  due  supply  of  water  to  her  boilers  appreciably  lessened  on 
the  run  home. 

But  we  have  not  yet  considered  the  difficulties  experienced  and  the  delects  exhib- 
ited by  the  Minerva.  They  were  far  from  inconsiderable,  though  they  were  of  quite 

a  different  nature.  "On  arrival  at  Gibraltar,"  to  quote  the  comment  of  Admiral 
May,  "the  cap  ferrules  were  found  to  be  partially  choked,     *  and  the  ship 
could  not  have  gone  any  farther  at  that  power  (7,000  I.  H.  P.).  As  it  was  she  was 

using  up  to  1.7  inches  of  air  pressure  instead  of  one-half  inch  to  maintain  the  necessary 
combustion  for  this  power.  On  arrival  at  Portsmouth  practically  the  same  thing 

occurred."  This  is  a  very  old  story  in  connection  with  cylindrical  boilers,  especially 

under    "forced   draft" — a  phrase  little  heard  of  latterly,  though  at  one  time  the 
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device  it  describes  was  denounced  by  naval  engineers  almost  as  vehemently  as  the 
Belleville  boiler  is  denounced  in  some  quarters  now.  It  is  little  heard  of  because  it 

is  practically  abandoned,  the  normal  pressure  sanctioned  by  the  Admiralty  having 
been  reduced  to  the  half  inch  mentioned  by  Admiral  May.  Yet  in  order  to  obtain 
the  favorable  results  exhibited  in  the  recent  trial  the  Minerva  was  obliged  to  resort  to 
more  than  three  times  this  pressure,  because  her  tubes  had  become  choked  as  tubes 
often  did  become  choked  in  the  days  when  the  cylindrical  boiler  gave  almost  as  much 

(rouble  as  the  water-tube  boiler  gives  at  present. 
Now,  the  cylindrical  boiler  has  been  in  use  for  years,  and  though  its  superiority  to 

the  water-tube  boiler  is  held  in  some  quarters  to  be  axiomatic  and  indefeasible,  yet 
finder  the  stress  of  severe  and  prolonged  trial  it  is  found  still  to  exhibit  its  old  char- 

acteristic defect.  On  the  other  hand,  the  water-tube  boiler  also  exhibits  its  own 
characteristic  defect,  different  indeed,  but  in  certain  circumstances  of  even  more 

serious  moment.  But  the  water-tube  boiler  is  a  comparatively  new  appliance.  We 
have  not  had  years  to  study  it  and  bring  it  to  perfection  as  we  have  had  with  the 
cylindrical  boiler.  It  is  far  from  perfect,  and  its  imperfections  are  at  once  very 

serious  and  very  baffling.  But,  unlike  the  corresponding  imperfections  of  the  cylin- 
drical boiler,  they  have  not  yet  proved  to  be  persistent  and  apparently  irremediable 

after  many  years  of  varied  experience  and  use.  They  seem  to  spring  mainly  from 

the  difficulty  of  making  joints  and  tubes  strong  enough  and  sound  enough  to  with- 
stand an  internal  pressure  of  some  200  to  300  pounds  to  the  square  inch.  But  this 

difficulty  ought  not  to  be  insurmountable,  and  unless  we  are  misinformed  it  has  already 
been  surmounted  to  a  very  large  extent  in  the  French  navy.  Apart  from  this  there 
is  little  or  nothing  in  the  recent  trials  to  show  that  the  Admiralty  were  ill  advised 

in  adopting  the  water-tube  boiler,  of  which  it  must  be  remembered  there  are  many 
other  types  besides  the  Belleville.  It  has  now  been  adopted  in  every  important 
navy  in  the  world.  If  because  we  have  not  yet  learned  how  to  make  it  in  perfection 

and  how  to  use  it  to  the  best  advantage  we  were  to  abandon  it  in  favor  of  the  cylin- 
drical boiler,  we  might  find  that  we  had  made  as  great  a  mistake  as  we  made  when 

ent  back  to  muzzle-loading  guns  because  our  early  breechloaders  were  unsatis- 
factory and  defective  in  many  important  respects. 

Concurrently  with  these  trials  the  committee  made  a  series  of  trials 
with  the  large  merchant  steamer  Saxonia*  of  the  Cunard  Line,  on  a 

run  between  Queenstown  and  Liverpool.  She  is  a  twin-screw  vessel 
of  9,000  to  10,000  I.  H.  P.,  with  4-cylinder,  4-crank,  quadruple-expan- 

sion engines,  having  cylindrical  boilers  working  at  a  safety-valve 

fjressure  of  21o  pounds  and  fitted  with  Howden's  draft  arrangements. 
These  showed  very  great  efficiency,  reaching  the  unusual  figure  of 

per  cent,  and  showing  an  evaporation  of  12.3  pounds  of  water 
per  pound  of  coal,  and  :i  coal  consumption  of  1.2i>  pounds  per  horse- 

power hour.  These  results  are  valuable  as  showing  what  may  be 
obtained  under  the  simple  conditions  of  the  merchant  service,  where 

speed  is  nearly  always  constant  and  there  is  plenty  of  room.  It  would 
not  be  fair  to  compare  them  critically  with  man-of-war  results. 
The  special  boiler  committee,  still  unsatisfied,  have  decided  to  repeat 

the  programme  and  -team  t  rials  of  the  cruisers  Hyacinth  and  Mint  rva, 
including  the  race  to  Gibraltar  and  hack.  Before  this,  however,  the 

I  are  to  steam  over  the  deep-sea  course  off  the  Cornish  coast 
at  peed  of  [t\  to  IS  knots  and  at  full  natural  draft  speed.  After  three 
inn-  over  the  course  at  each  of  these  speeds  the  Minerva  will  go  to 
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Stokes  Bay  for  a  scries  of  runs  over  the  measured  mile  at  10,  13,  16, 
and  18  knots  speed. 

One  of  these  trials  took  place  on  April  21  over  the  deep-sea  course 
between  Kame  Head  and  Dodman  Point,  the  Minerva  having  rather 
the  better  result. 

The  trials  are  especially  interesting  by  reason  of  the  fact  that  the 
vessels  commenced  the  trials  together,  and  therefore  experienced  the 
same  conditions  of  wind  and  tide.  With  smaller  indicated  horsepower 
the  Minerva  attained  a  higher  speed  than  the  Hyacinth^  the  mean  result 

of  four  runs  being:  Minerva,  I.  H.  P.  4,903,  speed  15.97  knots;  Hya- 
cinth, I.  H.  P.  5,007,  speed  15.60  knots. 

These  vessels  later  continued  the  series  of  trials  under  the  supervision 
of  the  special  boiler  committee.  Leaving  Plymouth  Sound  together, 

they  made  four  runs  on  the  deep-sea  course  between  Kame  Head  and 
Dodman  Point.  The  result  was  again  in  favor  of  the  Minerva,  the 
vessels  attaining  practically  the  same  speed,  with  a  difference  of  657 
I.  H.  P.  to  the  credit  of  the  Mint  rva.  The  mean  results  were:  Mint  rva, 
I.  H.  P.  7,343,  speed  17.671  knots;  Hyacinth,  I.  H.  P.  8,000,  speed 
17.669  knots. 

The  final  trial  was  at  full  natural  draft.  The  Hyacinth? s  mean 
speed  was  18.59  knots,  with  10,170  horsepower,  and  that  of  the  Miiu  rva 
18.28  knots,  with  8,405  horsepower.  The  Minerva  was,  therefore, 

beaten  in  speed  b}T  0.31  knot  when  the  Hyacinth  was  doing  her  utmost, 
while  the  former  ship  had  1,195  horsepower  in  reserve,  which  she  was 
not  allowed  to  use.  Taking  the  series  of  trials  carried  out  during  the 
week,  the  speed  of  the  Hyacinth  has  not  apparently  improved  since 
the  run  to  Gibraltar  last  year. 

THE  WATEB-TUBE  BOILER  QUESTION  IN  THE  GERMAN  NAVY. 

By  Koiin  Von  Jaski,  Marizie-Oberbaurath. 

[Translation  of  an  article  in  the  "  Marine-Rundschau "  of  May.  1901.— Reprinted  from  Journal  Royal 
United  Service  Institution,  vol.  46,  No.  287,  January  15.  1902.] 

I. — Origin  of  TnE  Water-Tube  Boiler  Question. 

The  rivalry  between  ships'  guns  and  armor  and  the  endeavors  which  are  constantly 
being  made  to  increase  the  speed  and  extend  the  radius  of  action  of  war  ships  have 

added  so  greatly  to  the  weights  that  have  to  be  carried  by  ships  that  it  has  become 

a  matter  of  grave  concern  to  save  weight  wherever  it  can  be  done  if  the  displa 

ments  are  not  to  become  unduly  large  and  the  cost  of  construction  is  to  be  kept 

within  the  limits  of  the  amount  placed  at  the  disposal  of  the  constructors  for  naval 

purposes. 

Up  to  a  certain  point  it  has  been  possible  to  lessen  the  weight  of  the  guns  by 
improved  methods  of  construction,  and  the  weight  of  the  armor  by  making  it  ol 

better  material ;  the  weight  of  the  coal  required  has  also  been  diminished  by  m< 
economical  engines.  The  use  of  mild  steel  (flusseisen)  of  greater  strength  I 

allowed  of  a  reduction  being  made  in  the  dimensions  of  a  number  of  constructive 

details  which  as  a  consequence  has  admitted  of  not  only  the  larger  engines  now 
required,  but  also  of  the  hulls  being  built  relatively    lighter   than    was   formerly 
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possible,  e.  g.,  the  actual  weights  of  the  hulls  of  the  old  armored  ships,  Konig  WU- 
ht/ni,  Kaiser,  and  Deutschland,  when  they  were  built  varied  between  44.96  and  38.86 

per  cent  of  their  total  displacements,  whereas  the  actual  weight  of  hull  to  total  dis- 
placement in  the  new  battleship  Kaiser  Friedrich  III,  is  only  .31.64  per  cent.  The 

laving  in  weight,  however,  was  still  insufficient.  The  heavy  guns  of  large  caliber 
were  replaced  by  lighter  and  more  efficient  guns  of  smaller  calibers,  and  by  Q.  F. 

guns.  A  short  30. 5-centimeter  (12-inch)  hooped  gun,  with  a  striking  energy  of  4,680 
meter-tons  (15,112  foot-tons),  weighed  36  tons,  whereas  a  modern  long  24-centimeter 
(9.45-inch  gun),  with  a  total  striking  energy  of  4,349  meter-tons  (14,043  foot-tons), 
weighs  only  25.8  tons,  being  thus  30  per  cent  lighter,  with  a  diminution  of  only  7 
per  cent  of  energy.  The  new  arrangement  moreover  allows  of  a  greater  number 
of  guns  with  hydraulic  training  gear  and  a  much  larger  amount  of  ammunition  being 

put  on  board,  so  that  the  proportion  of  the  weight  of  the  gunnery  and  torpedo  arma- 
ment to  the  total  displacement  is  not  really  less.  Thus,  while  the  weight  of  the  guns 

in  the  old  armored  ships  Kaiser  and  Deutschland  was  6.74  per  cent  and  in  the  Konig 
WUhelm  8.21  per  cent  of  the  total  displacements,  the  percentages  in  the  battleship 
Kaiser  Friedrich  III  are  7.42  per  cent  for  the  guns  and  1.05  per  cent  for  the  torpedo 
armament,  making  a  total  of  8.47  per  cent  for  gunnery  and  torpedo  armaments 
combined. 

The  improvements  in  armor  allowed  of  thinner  and  consequently  lighter  plates 
for  a  given  resistance  being  substituted,  but  at  the  same  time  the  protection  had  to 

be  increased  correspondingly  with  the  greater  penetration  acquired  by  the  enemy's 
projectiles.  The  heavy  guns  therefore  had  to  be  protected  by  armored  turrets,  the 
ammunition  hoists  had  also  to  be  armored,  and  the  main  engines  and  boilers  likewise 

jsitated  the  addition  of  protective  decks;  hence  the  weight  of  armor  had  to  be 
considerably  increased.  Thus,  while  the  weight  of  armor  in  the  older  ships  was 

only  21.82  per  cent  in  the  Konig  WUhelm,  and  23.14  in  the  Kaiser  and  in  the  Deutsch- 
Mnd,  the  percentage  in  the  battleship  Kaiser  Friedrich  III  rose  to  34.31  per  cent  of 
the  total  displacement.  Then,  again,  the  demand  for  greater  speed  led  to  a  distinct 

increase  in  the  weight  of  the  machinery  installations,  and  to  an  ever-increasing  per- 
centage of  the  total  displacement  being  required  to  meet  it,  Thus,  the  percentages 

of  the  weights  for  engines  and  boilers  to  the  total  displacements  of  the  ships  named 

are  as  follows  for  the  older  ships:  Konig  WUhelm,  11  per  cent;  Siegfried,  10.9  per 
cent;  and  Sachsen,  before  reconstruction,  13.3  per  cent;  as  against  for  the  newer  ships 
Prinzes*  WUhelm,  20.8  per  cent;  Kaiserin  Augusta,  23.7  percent;  Jagd,  24.6  per  cent, 
and  M<t<ar.  2*i.2  per  cent.  The  task,  therefore,  imposed  upon  the  engine  makers  for 
war  ships  was  how  to  obtain  further  economy  in  the  weight  of  the  machinery 
installations. 

This  demand  was  all  the  more  difficult  to  meel  by  reason  of  the  introduction  of 
ased  expansion  of  the  steam,  which,  while  it  diminished  the  consumption  of 

coal,  and  consequently  increased  the  radius  of  action  of  ships,  led  to  the  employ- 
ment  of  high-pressure  steam.    This  had  necessarily  to  be  followed  by  increased 

ftrength  of  all  such  parts  of  the  machinery  as  arc  subject   to  steam   pressure,  more 

tally  in  the  plates  of  the  large  cylindrical  boilers,  all  of  which  meant   consider- 
able increase  in  the  weight  of  the  boiler  installations. 

At  first  an  attempt  was  made  to  obtain  a  large  amount  of  steam  from  small  boilers 
by    forced   draft,    hut    the   cylindrical    and    locomotive   types  of    boilers,   which    were 
then  generally  used,  proved  but  little  suited  tor  the  purpose.  When  steaming  under 
natural  draft,  the  layer  of  coal  on  the  hare  Is  kept  thin,  and  the  products  of  com- 

bustion are  diluted  with  a  Large  excess  of  air.  Owing  to  this  the  temperature  in  the 
furnace  is  kept  comparatively  low.  Under  these  conditions  only  a  small  quan- 

tity  of    heat     per    unit    of    time    is    1  ran.-lVi  od    to    the    ualrr    in    tin-    boiler    through 
the  platen  of  the  furnaces  and  combustion  chamber.-.     But    when  steaming  unriei 

d  draft  the  fin  apt   very  thick,  and  thi  her  with  careful  itol 
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allows  very  little  more  air  to  pass  through  than  is  theoretically  required  for  the  com- 
bustion of  the  fuel;  consequently  the  temperature  in  the  furnace  is  much  higher  than 

with  natural  draft,  and  a  large  amount  of  heat  per  unit  of  time  is  transferred  to  the 

water  in  the  boiler  through  the  plates  of  the  furnaces  and  combustion  chambers. 

These  plates  will  consequently  become  much  hotter  than  when  steaming  with  nat- 
ural draft,  while  the  rigid  construction  of  the  cylindrical  and  locomotive  boilers  does 

not  allow  of  the  increased  expansion  due  to  the  higher  temperature  of  the  plates 

taking  place.  The  effect  of  heat  on  the  various  parts  of  boilers  will  be  seen  by  refer- 

ring to  the  plans  of  boilers  shown  in  figs.  1  to  4.  The  walls  a  are  heated  to  the  tem- 
perature of  the  steam,  that  is  to  say,  with  a  steam  pressure  of  12  kilograms  per 

square  centimeter  (170  pounds  per  square  inch)  to  190°  C.  (374°  F. );  the  walls  6, 
however,  under  forced  draft,  and  with  the  fires  properly  stoked,  attain  a  temperature 

of  from  360°  to  400°  C  (680°  to  752°  F.).  If  the  temperature  of  the  furnace  plates  is 

taken  as  being  only  370°  C,  the  plates  b  are  thus  370° -190° =180°  C.  (356°  F. )  hotter 
than  the  shell  plates  a,  and  consequently  with  a  coefficient  of  expansion  of  0.0000123 

and  a  length  of  furnace,  say,  of  2,400  millimeters,  would,  if  free,  expand  some 

180X0.0000123X2,400=5.3  millimeters  (0.209  inch)  more  than  the  boiler  plates  a.  As, 
however,  the  necessary  fixing  of  the  front  end  of  the  boiler  does  not  admit  of  this 

large  expansion  of  the  furnace  plates  inside,  this  expansion — taking  the  size  of  the 
furnace  box  of  a  locomotive  boiler  as  being  4,400  millimeters  (14  feet  5.23  inches) 

and  the  thickness  of  the  plates  as  16  millimeters  (0.63  inch)  as  would  be  about  right 

for  ships'  boilers,  and  the  coefficient  of  elasticity  as  21,500 — means  a  stress  on  the 
rivet  seams  c  and  on  the  tube  joints  in  the  tube  plate  d,  which  on  the  calculation 

P^21,500X4  400X16X5.3  Jg  equal  tQ  3>038>700  kilograms  (3,090  tons).     It  is  clear 

that  no  riveted  seam  can  withstand  such  a  stress  for  any  length  of  time,  and  still 

less  the  joints  of  the  tubes  in  the  tube  plates.  For  this  reason  the  furnaces  in 

cylindrical  boilers  are  made  of  corrugated  plates,  which  alter  their  form  under  the 

expansion  due  to  the  heat;  the  resistance,  however,  which  a  corrugated  tube  opposes 

to  this  change  of  form  is  still  very  considerable,  and  the  stress  arising  in  the  longi- 
tudinal direction  of  the  furnaces  must  be  taken  up  by  the  riveted  seams,  while  this 

expansion  stress  also  affects  the  tightness  of  the  joints  of  the  tubes  in  the  tube  plates. 

As  a  consequence,  such  frequent  and  heavy  leakages  occurred  in  the  seams  c  and  at 

the  tube  plate  that  any  heavy  forcing  of  this  boiler  had  to  be  abandoned. 

Here  again,  therefore,  the  construction  of  ships'  machinery  soon  came  to  a  full 
stop,  and  it  became  a  matter  of  necessity  to  drop  the  present  system  of  boiler  con- 

struction if  a  further  saving  in  weight  was  to  be  effected. 

That  considerable  saving  in  weight  in  the  boiler  installations  could  be  obtained  by 

substituting  water-tube  for  the  heavy  cylindrical  and  locomotive  types  of  boilers  was 
well  known  to  experts;  but  previous  experiments  which  had  been  made  with  boilers 

of  this  type  had  invariably  to  be  discontinued  because  of  the  disadvantages  which 

then  attended  the  use  of  water-tube  boilers,  and  which  appeared  to  be  insurmounta- 
ble. The  same  constructors  of  machinery  for  war  ships  who  at  first  fought  against 

the  introduction  of  water-tube  boilers,  have,  however,  in  the  search  after  lighter 
installations,  been  forced  step  by  step  to  give  way,  until  now  their  construction  is 

perforce  being  accepted  in  all  navies.  It  is  true  that  such  a  decision  has  not  been 

arrived  at  without  much  searchings  of  heart,  for  the  constructors  were  well  aware 

of  the  fundamental  disadvantages  of  these  boilers,  and  that  in  adopting  them  they 

would  have  to  contend  against  the  force  of  habit  and  the  prejudices  of  the  personnel 

against  the  innovation.  After  deciding  upon  their  introduction  there  followed  a 

series  of  experiments  with  the  various  types  of  water-tube  boilers  most  in  favor,  with 

a  view  to  selecting  such  types  as  were  most  suitable  for  use  on  board  ships  oi  war. 

These  experiments  were  of  course  characterized  by  the  skeptics  as  failures  on  the 

part  of  the  constructors,  while  the  cylindrical  and  locomotive  types  were  proclaimed 

as  being  the  only  suitable  types,  if  only  they  were  not  forced  too  much. 
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II. — Other  Reasons  for  the  Introduction  of  Water-Tube  Boilers. 

Among  other  reasons  telling  largely  in  favor  of  the  introduction  of  water-tube 
boilers  on  board  ships  of  war  were  the  following: 

1.  Ability  to  raise  steam  quickly. — The  cylindrical  and  locomotive  boilers  hitherto 
used  are  not  only  very  sensitive  to  forced  draft,  but  also  to  quick  raising  of  steam, 

8f!  their  larger  water  capacity  necessitates  more  coal  being  burned  in  raising  steam, 
because  of  the  large  amount  of  heat  required  to  heat  up  the  water;  for  instance,  the 

ships  of  the  Brandenburg  class  with  the  water  in  their  boilers  cold  before  lighting 
the  fires,  require,  if  there  is  no  special  hurry,  and  the  boilers  can  consequently  be 

considered,  to  have  the  fires  burning  for  eight  hours  before  the  ships  can  go  at  full 

speed,  and  only  in  case  of  necessity  can  steam  be  raised  in  from  three  to  four  hours 

in  a  cylindrical  boiler  filled  with  cold  water.  In  war  time,  especially  on  blockad- 
ing service,  it  will,  however,  often  be  necessary  to  keep  the  ships  lying  to  for  con- 

siderable periods,  and  yet  to  have  them  ready  to  start  at  the  shortest  notice. 

In  order  to  save  coal  it  is  desirable  that  the  fires  should  be  out  while  the  ship 

ationary,  but  if  three  or  four  hours  are  required  to  raise  steam,  and  before 

she  can  be  ready  to  start,  it  would  be  necessary  to  keep  the  fires  banked.  Accord- 
ing to  experiments  carried  out  by  H.  I.  M.  S.  Kurfurst  Friedrich  Wilhelm  during  the 

sun nner  of  1899,  the  coal  consumption  for  this  must  be  calculated  at  the  rate  of  200 

kilograms  per  square  meter  (40.96  pounds  per  square  foot)  of  grate  area  per  day, 
so  that  for  a  ship  with  12  boilers,  each  having  a  grate  area  of  5.85  square  meters 

(54.7  square  feet),  2  boilers  having  steam  up  and  10  being  banked,  the  daily  coal 

consumption  would  amount  to  58.5X2=11.7,  or  roughly  about  12  tons.  In  order 
t<->  try  and  diminish  this  heavy  coal  consumption,  the  first  squadron  during  the  same 
summer  successfully  tried  the  experiment  of  keeping  the  water  hot  in  the  boilers  not 

in  use  by  injecting  steam  into  the  water  of  those  at  rest  with  the  hydrokineter 

worked  from  the  boilers  kept  under  steam  for  driving  the  dynamos  and  auxiliary 
engines.  To  do  this  for  five  days  in  6  boilers  the  coal  consumed  per  day  was  only 

3.65  tons;  consequently,  in  order  to  keep  the  water  hot  in  10  boilers  the  consumption 
10x3.65 

would  be   n  '     =6  tons  per  day,  or  just  one-half  the  amount  required  for  keeping 
the  fires  banked.     In  any  case,  however,  if  the  ship  has  to  remain  stationary  for  any 

Considerable  time,  the  coal  consumption  in  a  ship  fitted  with  water-tube  boilers  is 
han  in  one  with  cylindrical  boilers.  According  to  the  experiments  carried  out 

by  H.I.  M.S.  y/v/fr,  in  order  to  raise  steam  in  water-tube  boilers  with  a  grate  area  of 
square  meters  when  the  water  was  quite  cooled  down,  some  14  tons  of  coal  are 

required;  after  lying  to,  therefore,  for  two  and  one-third  days,  there  would  already 
be  an  advantage  in  raising  fresh  steam  in  water-tube  boilers  rather  than  in  keeping 
the  water  in  cylindrical  boilers  hot  by  means  of  hydrokineters. 

With  cylindrical  boilers  where  the  water  has  been  kept  at  the  boiling  point  by 

the  hydrokineter  used  in  connection  with  the  other  boilers,  it  is  possible  to  raise 

steam  in  from  fifty  to  seventy-five  minutes.     With  water-tube  boilers  steam  can  be 

I  in  twenty-five  minutes  without  endangering  the  boiler;  it   must,  however,  be 

borne  in  mind  that  large  ships'  engines,  with  their  long  steam  pipes,  after  lying  for 
can  not  be  sufficiently  warmed  up  in  twenty-five  minutes  to  allow 

nginew  to  be  started.     About  one  hour  is  required  after  the  engines  have  been 

I  tor  a  long  time  before  all  the  parts  have  become  sufficiently  warm  as  to  obvi- 
ate all  fear  of  water  shock  in  the  steam  pipes  and  cylinders.     In  order  to  be  ready 

irl  at  half  an  hour's  notice  several  boilers  must  be  kept  under  steam,  and  the 
engines  must  be  kepi  warmed  even  when  a  ship  has  water-tube  boilers. 

/  '  UUy  in  changing  the  speed,    .lust  a-  it  if  possible  with  water-tube  boilers  to  raise 
steam  more  quickly  than  with  cylindrical  or  locomotive  boilers,  bo  also  Is  it  possible 

■lit  quicker  changes  in  the  speed  of  I  ties.     Mention  has  alread}  been 

L300— 02   10 
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made  of  the  great  stress  on  the  boiler  connections,  i.  e.,  on  the  riveted  seams  and 

on  the  joints  of  the  boiler  tubes  in  the  tube  plates  through  the  expansion  of  the 
furnaces  built  into  the  outer  shell  of  cylindrical  and  locomotive  boilers.  Of  still 

greater  danger  to  these  connections,  however,  are  the  partial  or  local  overheating 
and  cooling  of  the  furnaces  caused  by  the  grate  being  unevenly  covered  with  coal, 

for  it  is  just  through  the  alternate  expansions  and  contractions  of  the  plates,  espe- 
cially when  they  occur  irregularly  in  different  places,  that  the  connections  work 

loose.  If  the  speed  of  the  engines  is  suddenly  increased,  the  forcing  of  the  boilers 

has  to  be  similarly  suddenly  increased,  and  then  the  danger  becomes  greater,  because 

a  higher  air  pressure  is  obtained  before  the  grate  is  covered  with  a  uniformly  thick 

layer  of  coal.  This  is  also  the  reason  why,  when  forced  draft  is  used  with  cylin- 

drical and  locomotive  boilers,  the  fires  have  to  be  kept  thick;  whereas  the  less  sen- 

sitive water-tube  boilers  are  always  heated  with  thin  fires  even  under  high  forced 
draft. 

3.  Facility  in  erecting  and  taking  to  pieces. — Large  cylindrical  and  locomotive  boilers 
are  very  difficult  to  fit  in  place  on  board  and  to  take  out  again.  If  it  becomes  neces- 

sary to  remove  a  boiler  to  effect  large  repairs  in  the  shop,  or  if  a  boiler  has  to  be 

replaced  by  a  new  one,  the  whole  of  the  deck  over  the  boiler  in  question  has  to  be 

taken  up  and  a  very  considerable  disturbance  of  fittings  takes  place.  On  the  other 

hand,  a  water-tube  boiler  can  be  taken  to  pieces  in  the  boiler  room,  and  after  renew- 
ing any  of  its  parts  it  can  be  completely  built  up  again  in  place. 

4.  Less  danger  from  explosion. —Explosions  in  water-tube  boilers  are  less  dangerous 
than  in  cylindrical  and  locomotive  boilers.  If  the  working  of  the  boiler  is  carefully 

supervised,  and  if  the  boiler  is  subjected  to  regular  and  adequate  inspection,  barring 

extraneous  causes,  there  is  little  reason  to  fear  any  defect  of  the  plates  in  cylindrical 

and  locomotive  boilers,  but  the  want  of  water  has  too  often  been  proved  to  be  the 

cause  of  accidents  in  the  working  of  ships'  boilers.  When  such  is  the  case,  the  crown 
of  the  combustion  chamber  becomes  red-hot,  and  this  is  followed  by  the  stays  draw- 

ing out  of  it.  If  under  such  circumstances  the  combustion  chamber  crown  does  not 

split,  such  an  amount  of  steam  pours  out  from  the  holes  made  in  it  that  excessive 

pressure  takes  place  in  the  furnace,  and  the  furnace  doors  are  blown  out,  and  the 

stokers  are  scalded.  Accidents  of  this  sort  occurred  in  1892  to  divisional  torpedo  boat 

"  D  5,"  and  in  1899  on  board  H.  I.  M.  S.  Wadit.  With  water-tube  boilers,  on  the  other 
hand,  the  cylindrical-shaped  steam  collectors  are  the  highest  parts  containing  water, 
and  these  are  either  not  exposed  to  the  fire  or  are  reached  only  by  the  comparatively 

cooled  gases.  Even,  however,  if  the  plates  of  this  steam  collector,  which  in  small-tube 

water-tube  boilers  also  form  the  tube  walls,  should  become  red-hot  from  a  prolonged 
absence  of  water,  and  some  of  the  water  tubes  should  draw  out,  the  steam  outlets 

caused  thereby  would  be  so  close  to  the  uptake  that  the  greater  part  of  the  steam  would 

escape  through  the  funnel,  and  would  only  enter  the  stokehold  if  the  furnace  door  were 
open.  In  any  case  the  small  amount  of  water  would  be  quickly  evaporated  and  the 

small  quantity  of  steam  which  might  enter  the  stokehold  could  not  be  as  disastrous 

in  its  effects  as  the  steam  coming  from  a  cylindrical  boiler,  in  which  the  quantity  of 

water  is  four  or  five  times  greater.  This  difference  will  be  specially  emphasized  if 
a  boiler  or  steam  pipe  inside  the  boiler  room  should  be  shot  away  in  action.  In  such 

case  the  sudden  escape  of  high-pressure  steam  would  prevent  the  stop  valve  to  the 
other  boilers  from  being  closed,  and  the  whole  of  the  steam  from  the  other  boilers 

directly  connected  with  the  damaged  boiler  or  steam  pipe  would  escape  into  the 

boiler  room.  Even  if  the  shot  striking  the  boiler  should  not  bring  about  a  disastrous 

explosion  involving  the  whole  ship,  as  seems  probable  from  the  experience  of 

cylindrical  boilers  exploding  when  working  on  shore,  the  large  amount  oi  steam 
escaping  from  the  boilers  would  drive  in  the  boiler-room  bulkheads  and  probably 

involve  other  parts  of  the  ship.  The  disastrous  effects  caused  by  water-tube  boil< 
with  one-fourth  <>r  one-fifth  the  amount  of  steam,  would  certainly  be  smaller. 
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III. — Disadvantages  of  Water-tube  Boilers. 

Against  the  foregoing  remarks  telling  in  favor  of  water-tube  boilers  when  compared 
with  cylindrical  and  locomotive  boilers,  there  must,  however,  be  placed  various 

peculiarities  inherent  to  these  boilers  which  are  very  inconvenient  when  working 
on  board  ship. 

1.  Xecessity  for  regular  feeding. — The  advantages  attending  the  small  water  cham- 
bers of  water-tube  boilers  have  been  referred  to  in  II,  1  and  4,  but  this  small  supply 

of  water  has,  on  the  other  hand,  the  attendant  disadvantage  that  there  is  no  reserve 

to  equalize  slight  irregularities  in  the  feeding,  and  that  the  rate  of  feeding  must  be 

very  quickly  altered  when  the  output  of  steam  from  the  boiler  is  increased,  as  other- 
wise shortness  of  water  will  occur. 

Water-tube  boilers  consequently  need  very  careful  feeding  and  very  complicated 

automatic  feed-water  regulators,  which  must  be  carefully  attended  to  and  closely 
watched,  as  they  often  have  to  be  adjusted  by  hand  under  varying  conditions  of 

forcing.  Descriptions  and  drawings  of  these  feed  regulators  will  be  found  in  section 
69  and  plate  51  of  the  third  edition  of  Schiffsmachine,  by  Carl  Busley. 

The  regulator,  which  is  often  placed  in  the  steam  collector,  greatly  restricts  the 

available  space  in  the  collector,  and  leads,  if  made  of  bronze,  to  galvanic  action  being 

set  up,  which  tends  to  wear  away  the  boiler  plates.  Even  when  the  feed  regulator 

is  arranged  outside,  for  which  there  is  not  always  room  available,  the  action  of  the  float 

is  liable  to  be  irregular  when  changes  are  made  in  the  rate  of  evaporation  in  the 

boiler.  Regulating  the  feed  of  water-tube  boilers  by  hand,  however,  is  hardly  pos- 
sible because  of  the  changing  speeds  of  the  engines  and  the  somewhat  irregular 

stoking  of  the  fires. 

2.  Xecessity  for  regular  stoking. — Just  as  is  the  case  in  regard  to  the  water  spaces  so 
also  the  steam  spaces  in  water-tube  boilers  are  small,  often  to  the  extent  of  being  only 

one-fourth  of  the  capacity  of  cylindrical  boilers  having  the  same  amount  of  grate 
area.  As  a  consequence  the  reserve  of  steam  is  insufficient  to  compensate  for  slight 

irregularities  in  the  management  of  the  fires  and  in  the  speed  of  the  engines.  In 

order  to  restrict  these  irregularities  as  much  as  possible  a  special  system  of  stoking 

has  been  devised  by  which  the  fires  are  kept  very  thin — 4  to  5  inches  thick  only — 
even  when  heavily  forced,  and  regular  intervals  are  laid  down  for  stokers  to  fire  up 

Corresponding  with  the  amount  of  forcing  employed.  The  amount  of  coal  thrown  on 

at  a  time  is  some  1.64  pounds  per  square  foot  of  grate  area;  hence,  if  under  forced 

draft  and  burning  32.27  pounds  per  square  foot  per  hour,  the  furnaces  have  to  be  fed 

t  w  enty  times  an  hour.  There  is  thus  an  interval  of  only  three  minutes  between  each 

stoking,  and  although  but  a  few  shovelsful  have  to  be  thrown  on  at  a  time  the  stokers 

Karcely  obtain  any  rest,  and  the  labor  is  consequently  very  much  more  irksome 

than  when  longer  intervals  occur.  Moreover,  not  taking  into  account  the  management 
Oi  locomotive  boilers  on  board  torpedo  boats,  much  greater  forced  draft  is  used  with 

Prater-tube  boilers  as  a  rule  than  with  cylindrical  and  locomotive  boilers;  hence  more 

c«»al  i-  uaed  per  fool  of  grate  area  per  hour,  and  equally,  <>f  course,  per  furnace  per 
bour.  thereby  exacting  greater  exertions  from  the  individual  stoker.     Asa-matter 

ct,  this  i  e   labor  is  not  BO  much  to  be  laid  to  the  charge  of  the  nature  of 

prater-tube  boilers  themselves  as  to  the  fact  that  their  construction  renders  possible 
iter  forcing  of  the  fi 

In  order  to  keep  the  fires  uniformly  thin,  more  skilled  stoking  is  required  than  to 

keep  thick  fires.    The  personnel  consequently  needs  to  be  specially  trained  in  the 
management  of  water-tube  boilers,  and  unless  the  stokers  are  properly  trained  full 
efficiency  in  the  boilers  can  not  be  relied  upon.     With  a  personnel  coming  fresh  on 

board  who  are  unaccustomed  to  the  management  of  water-tube  boilers,  irregular  work- 

•  pretty  sun-  to  occur,  whereas  the  stokers  \\  ho  join  the  na>  \  from  the  mercantile 
marine  are  in  ly  familiar  with  the  management  of  cylindrical  boil 



244     ' S.  Necessity  of  keeping  water  surfaces  clean. — Any  steam  boiler  becomes  endangered 
if  the  conductivity  of  the  heating  surfaces  or  of  individual  parts  of  these  surfaces  is 

too  much  reduced  through  the  fouling  of  the  water-washed  sides,  for  the  heat 
impinging  from  the  fire  on  the  boiler  walls  being  no  longer  able  to  pass  to  the  boiler 

water  causes  the  walls  to  become  red-hot.  The  materials  used  in  the  construction 

of  boilers  when  they  become  red-hot  possess  very  little  strength,  and,  as  a  conse- 
quence, when  the  walls  attain  this  condition  they  are  no  1  >nger  able  to  withstand 

the  pressure  of  the  steam.  Whereas,  however,  the  thin  tabes  in  cylindrical  and 
locomotive  boilers  derive  assistance  from  the  surrounding  water  under  the  steam 

pressure.  The  effect  of  the  pressure  inside  the  thin  tubes  of  water-tube  boilers  is  to 

cause  them  to  burst.  If,  therefore,  fire  tubes  get  red-hot  they  become  flattened,  O, 
and  although  leakage  may  take  place  at  the  joints  of  the  tubes  in  the  tube  plates,  no 

large  openings  are  made  for  the  escape  of  the  water  in  the  boiler.  On  the  other 

hand,  in  water-tube  boilers  red-hot  water  tubes  burst,  and  it  is  then  impossible  to 
prevent  practically  the  whole  of  the  water  and  steam  in  the  boiler  from  being  blown 

into  the  furnace,  which  may  lead  to  the  stokers  being  scalded  if  the  furnace  doors 

are  not  kept  shut.  In  any  case,  however,  when  a  tube  bursts  the  water-tube  boiler 
becomes  unworkable  until  the  defective  tube  can  be  replaced  by  a  new  one,  or,  in 

the  case  of  small-tube  water-tube  boilers,  until  the  hole  in  the  tube  plate  can  be 

stopped.  The  danger  of  explosion  consequent  on  foulness  of  the  inner  heating  sur- 

faces is  thus  considerably  greater  in  water-tube  boilers  than  in  cylindrical  or  loco- 

motive boilers.  There  is  truth,  therefore,  in  the  saying  that  water-tube  boilers  are 
very  sensitive  to  impure  feed  water. 

4.  Difficulty  of  cleaning  (lie  water  surfaces. — Small-tube  water-tube  boilers  are  difficult 
to  clean  because  the  tubes  are  not  easily  accessible.  Curved  tubes  especially  can  not 

be  examined,  and  it  is  therefore  not  possible  to  ascertain  whether  the  tubes  are  quite 

clean  inside.  Large-tube  boilers,  on  the  other  hand,  can  be  thoroughly  cleaned  and 
examined,  but  they  have  a  large  number  of  separate  doors,  and  therefore  take  up 
much  time  and  labor  in  cleaning.  The  numerous  screwed  connections  also  give  rise 

to  frequent  repairs. 

IV. — Choice  of  Type  of  Water-tube  Boilers.. 

As  soon  as  our  naval  constructors  had  decided,  after  weighing  the  pros  and  COM 

referred  to  in  I,  II,  and  III,  to  place  water-tube  boilers  in  our  war  ships,  the  difficult 
question  arose  as  to  which  of  the  then  known  types  should  be  adopted. 

1.  Rigid  constructions. — After  what  has  been  said  in  I  and  II  as  to  the  great  sensi- 
tiveness of  cylindrical  and  locomotive  boilers  under  heavy  forcing  of  the  fires,  quick 

raising  of  steam,  and  irregularities  in  the  management  of  the  fires,  all  water-tube 
boilers  were  at  once  excluded  whose  tubes,  like  the  fire  tubes  in  these  boilers,  are 

rigidly  fixed  between  stationary  water  chambers.  As  it  was  a  matter  of  rendering 

feasible  heavy  forced  draft  and  sudden  changes  in  the  condition  o?  the  fires  without 

risk  of  leakage  occurring  in  the  tube  joints,  there  could  be  no  question  of  employing 

the  D'AUest,  Steinmuller,  Heine,  or  any  other  similar  boilers  (figs.  5  and  6),  which 
may  possibly  be  quite  satisfactory  water-tube  boilers  under  other  conditions  i^i  serv- 

ice. It  is  true  that  in  the  French  navy  the  Charles  Martel,  the  Carnot,  the  Dx  Chayla, 

the  Cassanl,  the  Kersaint,  the  Jauriguiberry,  the  Massena,  the  Bouvines,  the  Valmyf 

the  D'Assas,  the  Foudre,  and  the  Casabianca  have  been  fitted  with  D'AUest  boilers, 
but  it  has  been  proved  that  they  require  such  care  in  working  that  they  are  no  longQf 

being  put  into  French  war  ships. 

2.  Slightly  elastic  constructions. — Those  boilers  also  in  which  either  one  or  both 
water  chambers  can  move,  and  so  follow  the  expansion  of  the  tubes,  also  logically 

appear  to  be  excluded  if  straight  tubes  are  placed  between  the  two  chambers.  The 

tubes  which  are  nearest  to  the  fire — either  the  lowest  rows  or,  if  the  arrangement  is 

vertical,  the  inner  rows — will  become  hotter  than  the  upper  or  outer  rows:  and  even 
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among  the  tubes  which  are  equally  close  to  the  furnace  some  few  will  at  times  he 

hotter,  from  the  stale  of  the  fires,  than  others,  some  of  which  may  again  possibly  be 
abnormally  cooled  for  the  moment  by  the  cold  air  entering  when  coal  is  put  on.  As 

a  consequence  the  length  of  the  tubes  will  vary,  and  this  must  cause  a  stress  on  the 

tuhe  joints  in  the  tube  plates,  because  any  tube  which  becomes  shorter  through  cool- 
ing has  a  tendency  to  draw  away  from  the  tube  plates,  while  a  tube  becoming  longer 

l)v  expansion  tends  to  thrust  itself  into  the  plate.  This  to-and-fro  stress  on  the  plate 
causes  the  joints  to  work  loose,  and,  as  a  consequence,  under  higher  forcing  and 

inefficient  stoking  heavy  leakages  suddenly  develop  in  the  tube  plate.  For  this  rea- 
son, in  choosing  the  type  of  boiler  the  Oriolle,  the  Watt,  the  Babcock  &  Wilcox 

(  6g.  7  ),  and  the  Yarrow  (fig.  9)  also  fell  out  of  the  running. 

The  fact  that  some  of  these  boilers — just  as  in  the  case  of  the  D' Allest  boiler — have 
been  and  are  still  being  fitted  in  war  ships  proves  nothing  as  regards  the  correctness 

of  their  design.  Under  normal  conditions,  with  moderate  forcing  and  proper  treat- 
ment, all  these  boilers  remain  efficient.  On  board  ships  of  war,  however,  account 

has  also  to  be  taken  of  indifferent  or  bad  treatment.  Under  such  conditions  the  tubes 

of  the  Yarrow  boilers  on  board  English  torpedo  boats,  as  well  as  on  board  the  Austrian 

torpedo  boat  Viper,  have  become  bent,  so  that  now  so-called  "distance  pieces"  have 
had  to  be  fitted  between  the  tubes  to  keep  them  straight.  If  such  occurrences  must 

be  reckoned  with,  and  such  expedients  have  to  be  adopted  because  the  constructions 

of  the  water-tube  boiler  is  too  rigid  to  admit  of  sufficient  play  to  individual  tubes, 
then  it  would  seem  that  all  boilers  liable  to  a  similar  defect  are  hardly  to  be  recom- 

mended for  ships  of  war. 

3.  Absolutely  inaccessible  hollers. — Finally,  all  water-tube  boilers  whose  tubes  are 
absolutely  inaccessible  for  cleaning  had  to  be  excluded  as  being  quite  unsuited  to 

replace  cylindrical  and  locomotive  boilers  in  the  navy.  This  disposed  of  such  con- 
structions as  those  of  Perkins,  Herreshoff,  Palmer,  Ward  (1885  and  1888),  Du  Temple 

(1886),  Hohenstein,  and  Bellis  (1888).  These  boilers  have  been  little  used  in  war 
ghips,  and  therefore  claim  no  historical  interest  in  this  brief  account.  They  will, 

however,  be  found  illustrated  and  described,  with  particulars  of  their  management, 

in  the  book  on  the  Development  of  Ships'  Engines  in  the  last  Ten  Years,  by  Carl 
jley,  published  in  1892. 

4.  Types  meriting  consideration. — After  what  has  been  said,  the  only  kind  of  water- 
tube  boilers  remaining  for  consideration  were  either  those  in  which  the  tubes  are 

curved  in  the  first  instance,  and  which  are  not  prevented  from  bending  still  more 
under  expansion,  without  thereby  causing  a  stress  on  their  joints  in  the  tube  plates; 

ich  boilers  as  only  have  their  tubes  fixed  at  one  end  in  a  water  chamber,  while 

the  other  end  is  free  and  admits  of  the  tube  expanding  as  necessary.  If  such  a 
boiler  should  also  have  fairly  large  water  and  steam  chambers,  so  as  to  obtain  the 
advantages  referred  to  at  II,  1  and  4,  without  the  disadvantages  referred  to  at  III, 

1  and  2,  becoming  too  prominent,  then  such  a  boiler  could  be  profitably  used  in  the 
Davy,  because  it  would  be  able  to  withstand  high  forcing  without  becoming  leaky, 

and  it  would  also  bid  fair,  so  far  as  leaking  is  concerned,  to  remain  uninjured  even 

if  tin-  stoking  is  poor. 
The  choice  thus  became  restricted  to  the  Reed,  Nbrmand  digs.  12  and  13),  the 

i  rnycroft  (figs  14  to  16),  and  the  Schulz  (figs  17  and  18)  among  small- tube  water- 
tube    boilers,    and    among    huge  tube     boilers   to   those   of    Niclausse  l  ligs.    ll»   to   21) 

and  Durr  (fig.  22).  The  last  named  could  only  be  installed  in  a  fore-and-afl  direc- 

tion, owing  to  the  necessity  for  their  tubes  to  be  inclined  horizontally  In  order  to  lei 
tin-  -ti-ain  generated  in  them  gel  awaj  freely. 

V.     I'iitim,  oj   German  Wab  Ships  with  Watbb-tubr  Boilbbs. 

/.  Witling  i, i  in/,,  with  Thomycroft,  Schulz,  and  Durr  boilers.  Of  the  boilers  open  to 
choice,  those  with  small  tubes  were  the  lightest  but  difficult  to  Inspect,  while  those 
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with  large  tubes  were  easy  to  inspect  but  complicated  owing  to  the  large  number  of 
doors.  It  was  not  easy  to  foresee  which  of  these  drawbacks  would  prove  to  be  the 

most  prejudicial  on  board  ship,  and  the  only  course  open  was  to  build  boilers  of 

both  types  and  to  fit  up  some  ships  with  one  and  others  with  the  other  type,  leav- 
ing the  final  decision  as  to  the  type  of  boiler  to  be  eventually  selected  for  general  use 

in  the  navy  to  depend  upon  the  results  obtained  after  the  various  systems  had  been 

thoroughly  and  practically  tested.  To  fit  up  an  experimental  ship  with  various 

kinds  of  water-tube  boilers  was  not  admissible,  because,  on  the  one  hand,  any  con- 
clusions so  arrived  at  as  to  the  suitableness  of  a  given  boiler  for  use  on  board  ship 

wTould  have  been  still  open  to  question;  while,  on  the  other  hand,  the  introduction 
of  water-tube  boilers  could  no  longer  be  deferred  if  we  were  to  compete  with  other 
countries,  all  of  which  had  already  adopted  them,  and  thereby  obtained  increased 

speed  in  their  ships  together  with  a  diminution  in  the  weight  of  machinery.  Nor, 
finally,  could  the  construction  of  boilers  for  the  new  ships  be  postponed  pending  the 

result  of  the  steam  trials  of  the  ships  first  fitted  with  water-tube  boilers;  hence  it 
has  come  about  that  during  the  last  six  years  a  number  of  ships  have  been  fitted 

with  boilers  of  both  kinds,  small  tube  and  large  tube,  without,  up  to  the  present,  any 

definite  conclusions  having  been  arrived  at  as  to  the  selection  of  the  future  type  of 

water-tube  boiler. 

The  trials  in  1893  of  the  Thornycroft  boilers  fitted  on  board  the  English  torpedo 

gunboat  Speedy  had  already  favorably  drawn  the  attention  of  the  German  admiralty 

authorities  toward  small- tube  boilers.  Among  the  types  of  foreign  design  belonging 

to  this  class  available  for  selection— the  Reed,  Normand,  and  Thornycroft — the  last 
named  was  preferred,  but  an  order  was  at  the  same  time  given  for  a  Schulz  boiler, 

because  this  latter  seemed  to  promise  certain  advantages  over  the  Thornycroft,  which 

had  already  been  tried. 

As  regards  large-tube  water- tube  boilers  these  were  first  tried  in  1895  on  board  the 
mining  ship  Rhein,  for  which  the  Diirr  firm  at  Dusseldorf  had  constructed  a  boiler. 

The  results  obtained  from  this  boiler  were  certainly  hardly  satisfactory;  its  efficiency 

proved  to  be  no  greater  than  a  cylindrical  boiler,  it  gave  wet  steam  and  was  inacces- 
sible for  cleaning  of  the  fire  surfaces.  On  the  other  hand,  steam  trials  which  were 

carried  out  at  Dusseldorf,  in  the  summer  of  1896,  with  a  new  and  improved  Diirr 

boiler  gave  such  good  results  in  every  respect  that  it  became  possible  to  proceed  with 

the  construction  of  such  boilers  for  use  in  war  ships. 

The  following  water-tube  boilers  have  thus  been  ordered  for  the  German  navy  dur- 
ing the  last  few  years: 

In  1894- — 1,  Thornycroft  boilers  for  H.  I.  M.  S.  Mgir,  and  for  torpedo  boat  S-74;  2, 
Schulz  boilers  for  torpedo  boat  S-42. 

In  1896. — 1,  Thornycroft  boilers  for  torpedo  boats  S-82  to  S-87,  and  for  divisional 

torpedo  boat  D-10;  2,  Thornycroft  boilers  in  conjunction  with  cylindrical  boilers  for 

H.  I.  M.  S.  Kaiser  Friedrich  III;  3,  Schulz  boilers  for  torpedo  boats  G-88  and  S-89; 
4,  Diirr  boilers  for  H.  1.  M.  S.  Baden. 

In  1897. — 1,  Thornycroft  boilers  for  the  gunboat  litis;  2,  Schulz  boilers  for  II.  I. 
M.  S.  Wiirttemberg  ;  3,  Diirr  boilers  for  H.  I.  M.  ships  Bayem  and  Vineta. 

In  1898. — 1,  Thornycroft  boilers  for  the  gunboats  Jaguar,  Tiger,  and  Lochs,  for  the 
small  cruiser  Xiohe,  for  the  armored  coast  defense  ships  Ilagen  and  Beowulf,  and  for 

torpedo  boats  S-90  to  8-101 ;  2,  Schulz  boilers  for  the  small  cruiser  Nymphe;  3,  Schulz 
boilers  in  conjunction  with  cylindrical  boilers  for  H.  I.  M.  ships  Fiirst  Bismarck, 

Kaiser  Wilhelm  IT,  and  Kaiser  Karl  der  Grosse;  4,  Durr  boilers  for  the  large  cruiser 

Victoria  Lnise,  and  for  the  armored  ship  Sachsen. 

In  1899.—  1,  Thornycroft  boilers  in  conjunction  with  cylindrical  boilers  for  the  battle- 
ship Barbarossa;  2,  Schulz  boilers  for  the  small  cruisers  Thetis,  Ariadne,  Medusa,  and 

Amazone,  and  for  torpedo  boats  S-15,  S-K>,  and  S-37;  3,  Schulz  boilers  in  conjunc- 
tion with  cylindrical  boilers  for  the  battleships  Kaiser  Wilhelm  der  Grosse,  lVittelsbach, 

and  /:. 
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In  1900. — 1,  Thornycroft  boilers  in  conjunction  with  the  cylindrical  boilers  for  the 
battleship  I) ;  2,  Schulz  boilers  for  gunboat  A,  and  for  the  armored  coast  defense 

ships  Heimdall,  and  Jlildebrand;  3,  Schulz  boilers  in  conjunction  with  cylindrical 
boilers  for  the  battleships  F  and  G ;  4,  Diirr  boilers  for  the  large  cruisers  Prinz 
Heinrich  and  B. 

On  the  one  hand,  it  will  thus  be  seen  that  the  Thornycroft  boilers  are  being 

gradually  pushed  aside  by  the  Schulz  boilers;  and,  on  the  other,  that  up  to  the 

present  no  decision  has  yet  been  come  to  to  fit  the  large  battleships  with  only  water- 
tube  boilers,  but  a  mixed  system  of  cylindrical  and  of  small-tube  water-tube  boilers 
has  been  chosen  for  them.  By  this  selection  the  boiler  installations  have  been  kept 

as  light  as  when  only  cylindrical  boilers  were  used,  and  yet,  while  account  has  been 

taken  to  some  extent  of  the  prejudice  against  water-tube  boilers  from  their  difficutly 
of  management  and  their  sensitiveness,  the  good  points  of  both  systems  have  been 
united  in  one  and  the  same  ship.  To  meet  the  case  of  defective  condensers  and 

impure  feed  water  there  are  the  relatively  less  susceptible  cylindrical  boilers,  and  to 

meet  the  need  for  raising  steam  quickly  and  forced  draft  there  are  the  relatively 

-usceptible  water-tube  boilers.  Water-tube  boilers  had  at  first,  and  still  have, 
the  reputation  of  burning  more  coal  for  the  same  power  than  cylindrical  boilers, 

Especially  if  running  continuously  over  long  distances.  The  large  battleships,  in 
which  the  need  for  saving  Aveight  was  not  of  so  pressing  a  nature  as  in  the  large 

cruisers  and  gunboats,  with  their  combination  of  boilers,  will  consequently  be  enabled, 

when  steaming  at  "ordinary"  speed  on  long  runs,  to  use  the  more  economical 
cylindrical  boilers. 

If  in  course  of  time  water-tube  boilers  should  prove  themselves  to  be  as  econom- 
ical as  cylindrical  boilers,  and  also  as  entirely  safe  to  use,  if  by  any  chance  it  might 

become  necessary  to  feed  them  for  some  days  with  brackish  water,  there  will  no 

longer  be  any  impediment  to  fitting  large  battleships  exclusive^  with  water-tube 
boilers,  and  it  will  be  possible  in  this  class  of  ship  also  to  effect  an  important  saving 
of  weight. 

The  following  are  the  names  of  the  French  war  ships  which  either  have  been,  or 

which  still  are,  provided  with  Niclausse  boilers:  Suffren,  Marceau,  Henri  IV,  Conde, 

ydon,  Kleber,  Requin,  Friant,  Fleurus,  Temeraire,  Zelee,  and  Deeidee. 

The  design  of  the  Belleville  boiler  (figs.  23  and  24)  does  not  comply  with  the 

requirements  which  have  been  laid  down  here  at  IV,  4«.  In  this  type  of  water-tube 
boilers  the  large  tubes  have  one  end  attached  to  a  steam  collector;  the  other  ends, 

however,  are  not  arranged  free,  but  open  out  into  small  water  chambers  which  receive 

the  1'ccd  water,  and  for  this  purpose  are  attached  to  a  common  tube.  The  tubes  rest 
with  the  lowest  back  row  of  their  junction  boxes,  on  the  boiler  supports,  by  means 
of  tollers,  which,  in  a  measure,  form  movable  feet  to  the  boiler.  The  water  tubes 

them  msist  of  straight  tubes  screwed  into  junction  boxes  and  arranged  in  zig- 

rder.  There  is  thus  the  possibility  of  an  expansion  of  the  tubes  if  the  cylin- 
drical steam  collector  is  somewhat  lilted  from  the  tube  system.  The  circulation, 

moreover,  necessitates  having  an  exceptionally  low  level  of  water;  the  water  capacity 

is  then-lore  very  small,  and  the  disadvantages  in  connection  with  water-tube  boilers 
referred  to  at  111,  I,  are  especially  marked  in  this  boiler.  Besides,  this  boiler  could 

not  be  forced  to  any  extent,  and  it  had  to  he  worked  at  a  very  high  steam  pressure, 

which  was  reduced  in  the  pipefi  on  its  way  to  the  engines  hy  some  live  at  m<  .spheres, 

iherwise  the  sleam  produced  was  hardly  sufficiently  dry. 
Trial  of  Niclaum  and  Belleville  boilers.     As  will  be  seen  from  the  foregoing  list, 

■peal  .rally,  two  H)  -1.  m  -  of  water-tuhe  boilers  an-  in  use  in  t  he  ( Jen  nan  na\  y  : 

the  'I  hornycroft  and  the  Improved  Thornycroft     the  latter  being  represented 

•mpare  the  report  of  the  English  water-tube  boiler  committee,  which  appeared 

on  page  hss,  of  the  April  number  of  the  Mann.   Rundschau,  observing  that  this  para 
dread y  in  l he  pre**  when  tin-  rer>orl  of  the  committee  w as  published 
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by  the  Schulz — and,  second,  the  Diirr  boilers.  The  fact  that  the  other  great  naval 
powers  showed  a  preference  for  other  types  caused  the  German  naval  authorities  to 

experimentally  fit  up  a  few  ships  with  these  other  types  in  order  to  be  able  to  com- 
pare them  with  those  which  the  German  constructors  considered  to  be  the  best  kind 

of  boilers.  As  a  consequence  the  Schiff-und  Maschinenbau-Aktien  Gesellschaft  Ger- 

mania  were  ordered  in  the  winter  1895-96  to  supply  H.  I.  M.'s  large  cruiser  Fre>/a  with 
Niclausse  boilers,  and  Belleville  boilers  for  the  large  cruiser  Hertha  were  ordered  from 

the  Stettiner  Maschinenbau-Aktien  Gesellschaft  Vulcan.  About  a  year  later  Niclausse 
boilers  were  ordered  for  the  small  cruiser  Gazelle  and  Belleville  boilers  for  the  large 
cruiser  Hansa. 

In  principle  the  design  of  the  Niclausse  boiler  is  similar  to  that  of  the  Diirr  boiler, 

but  it  differs  considerably  from  the  latter  in  matters  of  detail,  and  that,  as  will  be 

seen  later,  not  to  its  advantage.  At  that  time,  according  to  reports  appearing  in  the 

French  newspapers,  such  good  results  had  been  obtained  from  Niclausse  boilers  on 

board  the  protected  cruiser  Friant  in  France,  and  in  England  on  board  the  torpedo 

gunboat  Seagull,  that  the  French  Admiralty  decided  to  equip  quite  a  number  of  large 

ships  with  these  boilers. 

The  following  ships  are,  or  were,  fitted  with  Belleville  boilers:  In  England — Sharp 
shooter,  Powerful,  Terrible,  Diadem,  Arrogant,  Furious,  Gladiator,  Andromeda,  Europa, 

Niobe,  Vindictive,  Amphitrite,  Argonaut,  Ariadne,  Spartiate,  Hermes,  Highflyer,  and 

Hyacinth.  In  France — X&ly,  Descartes,  Potliuau,  Charlemagne,  Pascal,  Bouvet,  Gaulois, 
Saint  Louis,  and  Galilee. 

3.  Trial  of  Yarrow  and  Xormand  boilers. — In  order  to  leave  nothing  uninvestigated 

the  German  Admiralty,  in  1896  and  in  1899  gave  orders  for  torpedo  boat  S  .'>2  to  be 
fitted  with  Yarrow  boilers  and  for  divisional  torpedo  boat  D  3  to  be  fitted  with  Nor- 
mand  boilers. 

VI. — Experiences  with  Water-Tube  Boilers. 

1.  Willi  small-tube  boilers. — The  trials  of  the  Thornycroft  boilers  on  board  H.  I.  M.  81 

jEgir  and  on  board  torpedo  boats  S-82  to  8-87,  and  also  of  the  Schulz  boilers  in  tor- 

pedo boats  S-42,  G-88,  and  G-89  were  on  the  whole  satisfactory,  and  especially 
demonstrated  the  superiority  of  this  boiler  over  the  locomotive  boilers  with  which 

the  ships  of  the  Mgir  class  and  the  torpedo  boats  had  hitherto  been  fitted,  in  so  far 
that  the  boilers  remained  in  good  condition  under  any  kind  of  forcing  and  treatment 

of  the  fires.  The  fear  that  the  small  tubes,  when  impure  water  was  used,  would 

become  obstructed  and  then  get  red  hot  and  burst  was,  however,  justified.  As  a 

water-tube  in  a  Diirr  boiler  on  board  H.  I.  M.  S.  Baden  also  got  foul  with  scale  and 

grease,  thereby  causing  it  to  get  red  hot  at  a  weak  place  and  burst,  orders  were  issued 

that  all  water-tube  boilers  should  be  filled  and  fed  with  distilled  water  only,  and 
other  measures  were  adopted  to  prevent  the  accumulation  of  harmful  greasy  deposits 

on  the  inner  surfaces  of  the  tubes.  The  evaporators  for  all  ships  fitted  with  water- 
tube  boilers  were  made  of  such  dimensions  that,  under  any  circumstances,  distilled 

water  only  could  be  used  for  boiler  "make-up"  feed.  Feed-water  filters  were  also 
inserted  in  the  delivery  pipes  of  the  air  pumps,  and  into  the  delivery  pipes  ni  the  feed 

pumps,  and  measures  were  likewise  taken  to  keep  soda  constantly  mixed  with  the 

feed  water.  Since  the  introduction  of  these  expedients  no  bursting  of  tubes  has  taken 

place  either  in  the  small-tube  Water-tube  boilers  or  in  the  Diirr  boilers. 

The  fact  that  the  small  water  chambers  serve  as  bottom-tube  plates  to  the  outef 

rows  of  tubes  at  first  greatly  impeded  the  cleaning  of  the  insides  of  the  tubes  i^i  the 

"Daring"  type  of  Thornycroft  boilers.  In  the  original  Thornycroft  boilers  fitted  on 
board  divisional  torpedo  boat  D-10  their  internal  diameter  was  only  6  inches;  the 
diameter  of  these  water  chambers  has  lately  been  increased  to  between  15  and  17| 
inches,  so  that  they  can  now  be  easily  examined. 

The  cleaning  of  the  insides  of  the  small  water  tubes  was  further  greatly  impeded 
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by  the  ends  of  the  tubes  being  tapered  to  a  less  diameter  than  the  body  of  the  tubes, 

in  order  not  to  weaken  the  tubes'  plates  too  much  and  to  enable  the  tubes  to  lie' 
closer.  This  is  now  no  longer  the  case,  and  the  following  method  of  cleaning  has 

accordingly  been  laid  down:  As  a  rule,  a  frequent  scouring  of  the  boiler  with  soda 

and  blowing  out  the  soda  solution,  which  carries  with  it  the  loosened  grease  and 

dirt,  is  sufficient;  after  which  the  tubes  are  washed  out  from  the  steam  collector  with 

water  under  pressure.  Once  every  year,  however,  the  same  special  inspection  and 

thorough  inner  cleaning  as  is  prescribed  for  cylindrical  and  locomotive  boilers  is  to 

be  undertaken,  the  instruments  shown  in  figs.  25  to  27  being  used  for  the  purpose. 
These  consist  of  small  steel  brushes  of  the  shape  shown  in  fig.  25,  and  scrapers  made 

of  watch  springs  (fig.  26),  which  are  drawn  through  the  tubes  by  steel-wire  cords — 

using  for  the  purpose  the  friction  roller  arrangement  shown  in  fig.  27 — and  so  scrape 
off  the  deposits  adhering  to  the  inner  Walls  of  the  tubes.  This  cleaning  is  carried 

out  by  one  petty  officer  and  five  stokers  in  two  hundred  hours — that  is  to  say, 

twenty  days  of  ten  working  hours — and  is  sufficient,  so  far  as  the  experience  hitherto 
obtained  with  forced  draft  in  torpedo  boats  goes  to  show,  to  prevent  any  irregularities 

in  the  working  of  the  boilers.  Less  thorough  cleanings  have  been  carried  out  on 

board  the  Wurttemherg  after  seven  hundred  hours'  steaming  in  eight  days. 
On  board  the  gunboats  litis  and  Jaguar  also — the  litis  has  already  been  in  commis- 

sion for  more  than  two  years,  and  for  most  of  the  time  under  unfavorable  condi- 

tions— irregularities  in  working  have  only  been  reported  in  a  single  case,  where  it 
was  clearly  shown  that  the  cause  was  attributable  to  want  of  water;  in  this  case  in 

the  boiler  concerned  the  joints  of  the  tubes  in  the  steam-collector  tube  plates  leaked. 

One  defect  noted  in  the  Thornycroft  boilers  on  board  torpedo  boats  S-82  to  S-87 
was  attributable  to  the  short  distance  which  the  hot  gases  pass  over  among  the  tube 

on  the  way  from  the  grate  to  the  uptake.  Under  forced  draft  the  flames  shoot 
up  above  the  short  funnels,  and  the  boats  consequently  are  visible  at  long  distances 

by  night.  If  the  funnels  are  raised,  the  flames  no  longer  issue  from  them,  but  the 

uptakes  become  so  heated  that  economical  working  can  not  be  expected.  In  the 

Schulz  boilers,  which  are  really  in  essentials  improved  Thornycroft  and  Normand 

boilers,  this  inconvenience  is  obviated  by  arranging  the  tubes  in  single  rows,  and  so 
making  them  to  serve  as  guide  walls  to  the  hot  gases,  which  are  thus  made  to  travel 

such  a  long  distance  among  the  tube  nests  that  they  give  up  sufficient  heat  to  the 

water  as  to  prevent  the  formation  of  flames  in  the  funnels,  while  also  insuring  good 

utilization  of  the  gases.  As  regards  coal  cosumption,  when  traveling  at  a  speed  of 

12  knots,  the  consumption  on  board  torpedo  boat  S-83  was  2.2  pounds  and  on  board 

divisional  torpedo  boat  D-10  2.64  pounds  per  I.  II.  P.  per  hour,  both  being  fitted 
with  Thornycroft  boilers;  on  the  other  hand,  the  consumption  on  board  G-88,  which 
is  lined  with  Schulz  boilers,  was  only  L59  pounds,  or  just  2S  per  cent  less  than  the 

■mount  of  coal  consumed  on  the  similar  sized  torpedo  boat  S-83.  The  heat  regis- 

tered in  the  funnels  of  the  Thornycroft  boilers  was  700°  C.  (1,292°  F. )  as  against 

from  412°  to  125°  C.  (77:5°  to  7<>7°  F.)  in  the  funnels  of  the  Schulz  boilers. 
The  Thornycroft  and  also  the  first  Schulz  boilers  had  the  disadvantage  that  when 

I  full  of  water,  which  is  generally  advisable  when  the  boats  are  being  kepi 

ready  for  service,  all  the  air  could  not  be  expelled  from  the  upper  bends  of  the 
■rater  tubes.     In  the  Thornycroft  boilers,  where  the  tubes  discharge  above  the  water 

in  the  steam  collector,  this  inconvenience  can  not  be  remedied.    The  Schulz 

boilers,  however,  are  now  so  constructed  that   the  highest  pari  of  the  upper  bends 

in  the  tubes  do  not  lie  higher  than  the  openings  into  the  steam  collector,  and  this 
ingemenl  consequently  obviates  the  inconvenience  in  question, 

Tin-  fear  at  one  time  expressed  thai  the  water  circulation  in  the  tubes  when  work 
it  a  moderate  rate  would  be  so  small  that  some  of  the  tubes  would  become  red 

hot  and   burn  through  has  hitherto  proved  groundless.     The  tubes  put  into  the 

Thornycrofl  boilers  of  II.  I.  M        Egir  four  yeai  ven  the  top  ones  lying  near- 
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est  the  steam  collector,  have  their  ends,  which  are  expanded  in  the  tube  plate,  still 

in  good  condition.  These  ends  are,  however,  rusted  inside,  and  this  must  be  attrib- 

uted principally  to  the  galvanic,  action  arising  from  the  brass  baffle  plates  originally 
fitted  and  from  the  bronze  feed  regulators  arranged  inside  the  steam  collectors  with 

the  copper  feed  and  steam  pipes.  The  harmful  effects  of  galvanic  action  on  the 

steam  collector  and  generating  tubes  will  in  future  be  obviated  by  making  these 
fittings  of  iron  and  steel. 

At  first  the  tubes  in  the  boilers  of  torpedo  boats  S-74  and  S-82  to  S-87  suffered 
rapid  deterioration  from  the  outside,  but  since  greater  attention  has  been  paid  to 

keeping  the  ends  of  the  tubes  dry,  especially  the  lower  ones  lying  next  to  the  water 
chambers,  which  become  covered  with  dirt,  the  tubes  have  remained  sound.  On 

board  the  -Egir,  the  zincking  on  the  outside  of  the  tubes  has  worn  off  completely 

after  four  years'  service,  but  the  thickness  of  the  tubes  has  not  perceptibly  dimin- 
ished. These  tubes  in  the  Thornycroft  boilers  of  the  Afyvr,  in  consequence  of  this 

diminution  in  the  strength  of  the  upper  short  ends,  are  now  to  be  renewed:  as. 

however,  the  tubes  are  otherwise  sound,  the  long  tubes  are  to  have  their  ends  cut, 

and,  after  rezincking,  will  be  replaced  and  again  used  as  shorter  tubes,  so  that  out 

of  3,300  tubes  only  900  require  to  be  replaced.  This  repair  is  necessary  in  order  to 

insure  the  boiler  working  reliably  for  some  years,  but  in  the  event  of  war  the  tubes 

could  have  been  left  in  the  boiler  in  their  present  condition  without  any  danger. 

If  the  same  experience  obtains  as  to  the  life  of  the  tabes  in  the  latest  Schulz  boil- 
ers, it  may  be  assumed  that  these  boilers  will  require  retubing  every  four  years;  it 

is,  however,  probable  that  by  utilizing  the  experience  acquired  in  the  meantime  the 

lives  of  these  boilers  will  be  considerably  prolonged.  In  any  case,  it  should  not 

be  overlooked  that  the  tubes  in  cylindrical  and  locomotive  boilers  require  to  be 

renewed  after  about  five  years'  wear. 
Speaking  roughly,  the  probable  serviceableness  of  the  latest  Schulz  boilers  should 

not  be  judged  from  the  experience  gained  with  the  first,  and  in  many  respects 

imperfect,  boilers  of  this  and  of  the  original  Thornycroft  types.  In  any  case,  how- 
ever, the  duration  of  life  of  the  improved  Schulz  boilers  is  as  yet  unknown,  and  the 

distrust  of  the  opponents  of  small-tube  boilers  to  the  durability  of  the  tubes  in  this 
boiler  is  explicable  if  they  reckon  on  having  to  meet  the  enemy  with  ships  whose 

tubes  are  from  four  to  five  years  old.  The  thickness  of  these  tubes,  as  with  all  other 

water  and  fire  tubes,  can  only  lie  ascertained  by  taking  out  and  cutting  up  certain 

specimen  tubes.  This  test  is  applied  once  a  year,  the  same  as  it  is  to  cylindrical  and 
locomotive  boilers  which  have  iron  tubes,  under  the  instructions  for  the  inspection 

of  boilers  already  referred  to,  and  so  far  this  inspection  has  sufficed  to  prevent  the 

tubes  bursting  after  becoming  thin.  It  must  be  remembered  that  the  stress  on  the 

material  of  the  small  water  tubes  is  only  from  0.4S  to  0.65  kilogram  per  square 

millimeter  (682.7  to  924.5  pounds  per  square  inch),  which  is  only  about  one-fiftieth 
of  the  ultimate  strength  of  34  kilograms  per  square  millimeter.  Any  ordinary 

wasting  of  the  material  of  the  tubes  caused  by  rust  and  wear  can  therefore  hardly 

bring  about  the  bursting  of  a  tube.  The  only  things  detrimental  to  the  durability 

of  small  tubes  is  the  scale  developed  on  their  inner  surfaces,  as  referred  to  at  111 

It  would  therefore  be  desirable  if  a  system  of  inspection  could  be  introduced 

which  would  admit  of  its  being  possible  to  ascertain  whether  the  innner  snrhi 
are  clean  enough  to  obviate  any  anxiety  being  felt  in  regard  to  the  possibility  of  the 
tubes  becoming  choked  when  the  boilers  are  worked  for  prolonged  periods.  I  p 

till  now  scale  alone  has  not  caused  any  bursting  of  small  tubes,  this  having  only 

taken  place  from  a  complete  stoppage  in  the  tubes;  this  is  easily  explained  by  the 
fact  that  even  with  the  reduction  of  conductivity  to  heat,  the  tubes  Ao  not  become 

so  hot  that  their  diminished  strength  renders  them  incapable  of  withstanding  the 

comparatively  small  strain  thrown  upon  them.  Only  complete  cessation  of  the 

water  circulation  apparently  brings  about  this  excessive  heating  of  the  tubes.     An 
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inspection  of  the  inner  heating  surfaces  of  the  small  tubes  in  the  Thornycroft  and 

Bchulz  boilers  is,  however,  only  possible  by  passing  a  steel-wire  brush  through  each 
separate  tube,  which  is  obviously  an  inconvenient  and  lengthy  proceeding;  if  the 
brush  can  pass,  then  it  is  clear  that  there  is  no  great  fouling  or  formation  of  scale, 

but  beyond  this  nothing  further  is  conclusively  proved.  Time  alone  will  show 
whether  the  formation  of  scale  on  the  inner  surfaces  of  the  tubes  will  still  continue 

when  using  distilled  water  only  for  the  feed,  and  the  measures  now  adopted  for 

filtering  the  feed  water  and  keeping  it  alkaline  with  soda.  Up  to  the  present  such 

ha-  not  been  the  case;  but  account  will  always  have  to  be  taken  of  the  possibility  of 
leaky  condensers  and  consequent  brackishness  of  the  boiler  water.  If,  even  with 

leaky  condensers,  injurious  deposits  of  scale  do  not  take  place,  then  the  inspection 

of  the  inside  of  the  curved  water  tubes  by  viewing  can  be  dispensed  with,  and  the 

examination  of  the  tubes  can  be  limited  to  the  yearly  special  survey  and  to  cutting 

up  certain  tubes  as  samples;  in  such  case,  these  boilers'  could  then  be  considered  as 
quite  safe  for  working.  So  long,  however,  as  this  has  not  been  definitely  established 

the  engineer  in  charge  would  do  well,  if  any  defect  or  leak  should  manifest  itself  in 

the  condensers,  to  frequently  change  the  boiler  water  and  to  clean  and  refill  the 
boilers  not  in  use.  Under  such  circumstances  it  would  be  inadvisable  to  undertake 

a  long  run  at  high  speed  with  all  the  boilers  working,  until  the  defect  in  the  con- 
densers had  been  remedied. 

The  opponents  of  small-tube  water-tube  boilers  specially  put  forward  the  asser- 
tion that  the  captain  can  not  be  responsible  for  the  engineers  having  the  boilers 

clean  at  any  moment,  and  consequently  in  a  state  of  readiness  for  war.  On  this 

point  it  is  to  be  observed  that  locomotive  boilers  which  the  engineers  in  charge  had 

considered  to  be  sufficiently  clean  became  completely  unworkable  for  a  considerable 
time  in  a  trip  between  Wilhelmshaven  and  Kiel  owing  to  leakage  at  the  tube  plates, 
which,  on  a  closer  inspection  of  the  boiler  being  made  by  removing  some  of  the 

tubes,  proved  to  be  due  to  the  ends  of  the  tubes  being  covered  with  a  thick  crust  of 

salt  close  to  the  tube  plates.  This  incident  occurred  some  five  years  ago  on  board 

H.  J.  M.  S.  Beowulf.  The  case,  however,  in  which  cylindrical  boilers  became 
unworkable  because  of  their  tubes  becoming  incrusted  with  salt  or  scale  are  not 

Infrequent.  It  may  be  conceded  that  cylindrical  boilers  do  not  become  dangerously 

salted  as  quickly  as  water-tube  boilers. 
The  cleaning  of  the  exterior  of  water  tubes  is  carried  out  by  means  of  compressed 

air  from  the  air  blowers,  and  is  no  longer  attended  with  difficulties. 

11V///.  Durr  boilers. — The  experience  with  Di'irr  boilers  has  also  proved  sofarsuc- 
il  that  the  boilers  have  shown  themselves  to  be  unaffected  by  heavy  forcing  and  to 

Ridden  changes  in  the  draft.  The  solitary  case  of  a  tube  bursting  through  extensive 

fouling  has  already  been  mentioned  at  VI,  1.  Diirr  boilers  are  heavier  than  small-tube 

water-tube  boilers,  but  they  possess  an  ad  vantage  over  the  latter  type  in  the  ease  with 
Which  the  cleanliness  of  the  inner  surfacesof  the  tubes  can  be  ascertained.  It  is  true, 

however,  that  in  respeel  of  this  inspection,  if  it  is  to  extend  to  all  the  tubes,  an  enor- 

DDOU8  number  of  doors,  one  at  least  for  each  tube,  have  to  be  opened  out  and  closed 

■gain,  which  necessarily  takes  up  much  time  and  labor,  more  especially  BO  as  the 

Inner  tub  ch  generating  tube  has  to   be  taken  out  and    replaced.     Practical 
rience  has,  however,  shown  that  it  is  principally  the  lowest  tubes  which  foul, 

ind,  ;i-  a  rule,  therefore,  it  is  only  necessary  to  examine  the  three  lowest  rows  of 
tabes,  and  if  these  ait-  found  to  be  clean  tin-  upper  rOWfl  need  not  h.-  examined.      But 

In  order  to  carry  oul  a  thorough  cleaning  of  the  boiler  the  whole  of  the  tube-hole 

.  both  at  the  front  and  back,  must  be  opened,  and  this  means  for  a  ship  like 

the  large  cruiser  I'm,    Heinrich,  which  has  11  boilers,  with  .'.7  I  water  tube*  in  each,  the 
removal  of  2  /  14  /  574  16,072  dooi  i.  An  extensive  cleaning  of  the  boilers  takes 

plac.-  aftei  each  Hteaming  period  of  from  ceven  hundred  t<>  one  thousand  hours.  On 
inch  occasions  all  the  tube  bole  doors  are  opened  and  each  outer  tub  iped  and 
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washed.  All  the  inner  tubes  are  also  swept  with  steel  brushes  and  washed  out 

inside.  Such  a  cleaning,  necessitating  the  opening  up,  cleaning,  and  closing  again 

of  the  boiler,  takes  up  the  time  of  2  petty  officers  and  10  stokers  for  thirty-eight 
hours  for  each  boiler,  which  makes  four  days  of  ten  working  hours  for  each. 

The  original  construction  of  the  back-tube  stoppers,  which  is  very  solid  and  abso- 
lutely safe,  greatly  hindered  the  work  of  cleaning,  because,  as  will  be  seen  from 

fig.  28,  the  inner  conical  plug  had  to  be  pulled  out  to  the  front  of  the  boiler,  and  after 

the  tube  was  cleaned  the  plug  had  to  be  pushed  in  again  to  the  back  end  of  the  tube. 

Recently,  however,  the  back  closing  arrangement  has  taken  the  form  of  a  cap  nut, 

as  shown  in  fig  29.  This  closing  arrangement  having  been  experimentally  tried  on 

some  of  the  tubes  in  the  Victoria  Luise  and  Sachsen,  and  having  been  found  to 

answer,  the  tubes  in  the  Diirr  boilers  of  the  Prinz  Heinrich  and  of  the  large  cruiser 

"  B  "  are  closed  with  the  new  cap  nuts.  The  time  required  for  cleaning  the  boilers 
will  be  materially  shortened  by  this  improvement.  These  cap  nuts  are  made  of 

wrought  bronze  of  great  strength,  and  have  V-section  ridges  turned  on  the  face  for 
making  the  joint  instead  of  the  conical  threads  used  with  the  cap  nuts  of  the 
Niclausse  boilers. 

In  the  later  Diirr  boilers  the  water  chambers  extend  farther  below  the  lowest  row 

of  tubes  and  form  a  sediment  chamber;  it  may  be  assumed,  therefore,  that  the  tubes 

will  in  future  be  cleaner  and  that  the  intervals  between  the  thorough  cleanings  of 

the  boilers  will  be  longer.  Presumably,  also,  ships,  even  on  foreign  service,  fitted 

wTith  the  latter  boilers  will  only  need  to  have  their  boilers  thoroughly  cleaned 
twice  a  year,  provided  that  the  condensers  do  not  leak;  as  bearing  upon  this,  the 

condensers  will  in  future  perhaps  prove  more  reliable,  now  that  their  tubes  are 

being  made  of  stronger  material.  If  the  condensers  are  leaky  and  the  water  becomes 

brackish  in  consequence,  the  boilers  prime  heavily,  especially  if  the  water  at  the 

same  time  contains  soda.  However,  these  boilers  have  not  proved  themselves  to  be 

so  greatly  affected  by  being  fed  by  brackish  water  as  was  feared  by  many  persona. 

On  board  the  SacJisen  a  Diirr  boiler  was  at  work  continuously  on  harbor  service  for 

some  days  with  feed  water  containing  10  per  cent  of  salt  without  any  of  the  tubes 
becoming  heated.  Salt  scale,  especially  at  the  back  ends  of  the  lowest  water  tul 
2  millimeters  (0.079  inch)  thick,  which  has  been  formed  in  this  way,  has  had  no 

injurious  effect.  The  stress  on  the  material  is  also  relatively  small  in  the  tubes  of 

these  boilers,  and  the  margin  of  safety  is  high. 

Great  care    must    be    taken  in  preserving  the    inner  tubes,    which    are    made  of 

quite  thin  mild  steel  plates,,  and  the  superheater  tubes.     The  boilers  should  either 

be  preserved  by  the  wet  method,  i.  e.,  by  keepingthem  quite  lull  of  water,  or  by  the 

dry  method,  when  they  are  not  in  use.     If  by  chance  the  boiler  water  is  blown  out 

through  the  blow-off  cock,  and  the  tubes  are  not  at  the  same  time  emptied — as  hap- 

pened when  the  Victoria  Luise  was  first  put  out  of  commission — the  upper  ends  of 
the  inner  tubes  are  deprived  of  water,  and.  being  surrounded  with  damp  air,  quickly 

rust.     At  first  the  tubes  used  to  be  emptied  by  syphoning  from  the  front;  but  lately 
the  practice  on  board  the  Sachsen  has  been  to  loosen  the  back  conical  tube  stopper. 

The  new  style  of  closing  by  means  of  cap  nuts  will  still  further  facilitate  emptying 

the  tubes.     In  the  opinion  of  the  captain  of  the  Sachsi  h.  the  introduction  of  this  c 

ing  arrangement  will  enable  a  complete  change  of  water  to  be  effected  in  a  Diirr 
boiler  in  from  three  to  four  hours.     The  thin  tubes  in  the  superheater,  similarly 

the  inner  tubes,  are  liable  to  be  injuriously  affected  by  damp  or  air  unless  the  boiler 

after  ceasing  to  work  is  either  kept  quite  full  or  quite  dry.     Hitherto  the  system  of 
design  made  it .  difficult  to  completely  till  the  superheater  tubes,  but  in  the  boil* 

now  being  built  this  inconvenience  is  being  remedied  by  providing  means  of  exhaust- 
ing the  air  from  them. 

The  back  walls  of  the  Diirr  boilers  necessitated  constant  repairs.      The  tubes  which 

are  lixed  in  the  tube  plates  of  the  water  chamber  by  thickened  and  skewed  cones  lie 
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with  their  back  ends  free  in  a  latticed  wall,  the  openings  in  which  serve  at  the  same 

time  to  help  the  cleaning  of  the  tubes,  which  is  carried  out  by  means  of  forced  draft 
from  the  boiler  room.  These  openings  are  closed  with  plates  lined  with  asbestos 

pulp,  which  are  fastened  to  the  lattice  work  by  pins  and  cotters.  These  plates,  how- 
ever, become  wrarped  and  often  burnt  by  the  heat,  so  that  labor  is  entailed  in  straight- 

ening or  replacing  them.  The  side-wall  casings,  as  in  all  water-tube  boilers,  also 
suffer  from  the  heat,  because  the  outer  rows  of  tubes,  which  form  the  external  wall 

of  the  furnace,  can  never  be  kept  quite  tight,  and  yet  all  these  casing  plates  have  to 

be  as  thin  as  possible  to  keep  down  the  weight  of  the  boilers.  The  cleaning  of  the 
tire  side  of  the  outer  tubes,  which  at  first  occasioned  trouble,  can  now  be  carried  out 

in  a  simple  manner,  even  while  the  boiler  is  working,  by  forcing  air,  underpressure, 

mrough  from  the  ventilating  fans,  with  the  ash-pit  doors  closed  and  the  furnace  doors 

open.  The  air  passing  over  the  fire  into  the  furnace  blowrs  most  of  the  soot  which  is 
lying  on  the  tubes  out  through  the  funnels.  This  soot  has  been  the  principal  cause 
of  the  economy  of  the  Diirr  boilers  having  hitherto,  when  running  for  long  distances, 

been  less  apparent  than  it  was  on  the  official  acceptance  trials.  It  may,  however,  be 

taken  for  granted  that  this  inconvenience  will  not  in  future  make  itself  felt  to  the 

same  extent  if  the  furnaces,  when  making  long  runs,  have  air  blown  through  them, 

When  a  thorough  cleaning  is  to  be  made,  with  the  boilers  cold,  the  air,  as  already 

remarked,  will  be  blown  through  the  lattice  work  into  the  tube  nests,  the  back-casing 
plates  being  removed  singly  for  the  purpose  as  necessary.  With  a  view  to  more 

effectually  removing  the  soot  which  collects  on  the  baffle  plates  used  for  directing  the 

course  of  the  gases,  a  shaking  arrangement  has  lately  been  fitted  to  the  baffles.  The 

Diirr  boilers  have  thus  either  been,  or  are  being,  improved  as  a  result  of  the  experi- 
ence gained  from  their  working  on  board  ship.  At  first  the  consensus  of  opinion  was 

undoubtedly  against  these  boilers,  because  so  much  work  was  occasioned  in  the 

handling  and  keeping  in  order  of  the  numerous  doors,  and  because  of  the  constant 

exertion  entailed  upon  the  boiler-room  personnel.  These  boilers,  however,  should 
not  be  judged  by  the  experience  of  the  first  types  alone,  but  judgment  on  them  should 

be  suspended  until  experience  has  been  obtained  with  the  later  types.  It  may  be 

said,  however,  that  even  the  present  opponents  of  this  system  appreciate  its  ad  van- 
in  regard  to  facilitiy  of  inspection,  and  do  not  counsel  its  abandonment.  It  has 

recently  been  decided  to  build  more  of  these  boilers,  and  that  the  large  cruiser  about 

to  be  constructed  to  replace  the  Kbnig  Wilhelm  should  be  fitted  with  Diirr  boilers. 

S.  With  Niclaus8e  boilers. — The  experience  of  the  German  navy  with  Niclausse  boil- 

er- has  so  far  been  very  unsatisfactory.  In  October,  1898,  the  small  cruiser  Gazelle 
and  the  large  cruiser  Freya,  both  of  which  are  fitted  with  Niclausse  boilers,  made 

their  first  trial  trips,  and  it  was  not  until  April,  1901,  that  the  Gazelle  could  lie  com- 
oned  witli  serviceable  boilers,  and  that  the  Freya  could  continue  her  interrupted 

trials.     The  interval  was  taken  up  in  making  repeated  alterations  in  the  boilers. 

The  mosl  serious  defect  in  this  boiler  is  attributable  to  the  large  use  made  of  malle- 

able cast  iron,  a  material  which  should  be  altogether  excluded  in  boiler  construc- 

tion. This  material  is  cast  iron,  to  which  greater  strength  than  is  possessed  by 

ordinary  east  iron  is  imparted  by  heating  it  without  air  in  a  layer  of  coal  dust.  The 

resulting  material  is  not  so  brittle  as  cast  iron,  but  is  not  equal  in  tenacity  to  wrought 

iron,  and  already,  in  consequence  of  the  strains  set  up  in  cooling  after  the  casting, 
easily  bursts. 

Immediately  after  the  first  trials  cracks  were  noticed  in  the  malleable  cast-iron 
headers  and  lanterns  (see  figs.  21,  :;<),  and  :;i  i.  The cracke  in  the  headers,  which 

irere  in  the  diaphragm  and  extended  from  one  tube  hole  to  another,  were  not  dan- 

gerous; those  which  ran  in  the  direction  of  the  outer  walls  could,  for  tin'  mosl  part, 
he  drilled  and  made  harmless,  so  that  the  water  chambers  could,  at  least  lor  a  time, 

be  considered  as  safe  to  work.     The  lanterns,  however,  were  all  replaced  by  others 

made  of  mild    t  »<i  (compare  figs.  32  and  34),  because  the  complete  fracture  of  both 
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webs  of  a  lantern  would  be  followed  by  the  breaking  off  of  the  dog  of  the  tube-hole 

door — at  that  time  still  made  of  malleable  east  iron — which  would  have  dangerously 
imperiled  the  lives  of  the  stokers  in  the  boiler  room. 

The  long-drawn-out  negotiations  between  the  Admiralty  and  the  contractors  for 

the  engines,  the  Schiff-  und  Maschinenbau-Aktien-Gesellschaft  Germania,  and 
between  this  latter  company  and  the  patentees  of  the  boiler,  the  Niclausse  firm  in 

Paris,  as  well  as  the  preparation  of  a  large  number  of  new  lanterns,  and  fitting  them 
in  the  boilers  took  a  very  long  time;  finally,  however,  when,  after  an  interval  of  two 

years,  the  Freya  was  able  to  recommence  her  trials  one  of  the  outer  tubes  burst  and 

the  back  cap  nut  of  another  outer  tube  stripped  off.  On  inspecting  the  boiler  a  large 

number  of  tubes  were  found  to  be  considerably  bent  upward,  and,  from  the  appear- 

ance of  the  tubes,  it  was  evident  that  they  had  been  red-hot.  The  only  reason  for 

the  tubes  getting  red-hot  must  have  been  from  want  cf  water,  but  as  the  gauge  glasses 
during  the  run  indicated  a  sufficiency  of  water  the  deficiency  in  the  tubes  must  have 

been  due  to  defective  circulation.  This  view  was  borne  out  by  the  fact  that  during 

the  trial  run  the  ship  was  considerably  out  of  trim,  and  that  the  greatest  bending  in 

the  tubes  and  the  bursts  which  occurred  in  two  separate  boilers  took  place  in  those 

boilers  where  tubes  had  assumed  a  more  horizontal  position  than  their  customary 

angle  of  inclination  owing  to  the  ship's  want  of  trim. 
On  examining  the  front  part  of  the  headers  it  was  seen  that  in  some  cases  the 

ports  in  the  lanterns  between  the  webs  and  through  the  holders  of  the  inner  tubes 
were  somewhat  small,  and  in  others  that  the  lanterns  had  too  great  an  amount  of 

play  in  the  diaphragm  plate  in  the  headers,  so  that  a  portion  of  the  water  entered 

the  back  part  of  the  headers  without  passing  through  the  inner  tubes.  The  con- 
struction of  the  lanterns,  as  may  be  seen  from  figs.  32  and  33,  did  not  admit  of  a 

further  weakening  of  the  webs;  it  was  to  be  assumed,  however,  that  the  ports  in  the 

lanterns  would  be  large  enough  if  the  lanterns  were  arranged  in  the  headers  in  such 

a  way  that  ports  in  the  lantern  and  the  holder  for  the  inner  tube  were  turned  so  as 

to  lie  up  and  down,  and  if  the  play  in  the  diaphragm  were  reduced  to  a  minimum 

by  a  thickening  of  the  lantern  at  this  point.  From  a  trial  made  during  a  six  hour.-' 
run  with  a  boiler  altered  in  this  way  in  H.  I.  M.  S.  Freya,  with  the  ship  properly 

trimmed  and  with  forced  fires — i.  e.,  with  a  consumption  of  170  kilograms  of  coal 
per  square  meter  (34.8  pounds  per  square  foot)  of  grate  area  per  hour,  this  surmise 
was  proved  to  be  correct,  and  the  whole  of  the  boilers  in  the  Freya  and  Gazelle  were 
altered  accordingly.  The  tubes  in  the  Niclausse  boilers  have  an  inclination  of  6 

degrees  to  the  horizontal;  in  the  trial  run  on  board  the  Freya,  when  the  accident 

took  place,  this  inclination  was  diminished  to  about  5  degrees.  At  the  time  of  the 

accident  the  webs  for  the  most  part  were  arranged  up  and  down  and  the  holders  for 

the  inner  tubes  lay  below  and  so  covered  the  lower  ports  underneath.  In  the  trial 

referred  to,  the  webs  and  holders  were  arranged  as  shown  in  fig.  32.  With  this 

arrangement  the  circulation  of  the  water  proved  sufficient  even  under  unfavorable 

trimming  of  the  ship.  As  was  shown  by  the  experiments  carried  out  by  Professor 

Gutermuth  with  the  Di'irr  boiler,  the  circulation  of  water,  when  the  tubes  have  as 
small  an  inclination  as  only  1  degree  to  the  horizontal,  is  sufficient  to  prevent  the 

tubes  from  getting  red-hot.  Moreover,  it  should  be  borne  in  mind  that  the  flow 
water  from  the  water  chamber  into  the  inner  tubes  is  much  less  impeded  in  the 

Diirr  boiler  than  in  the  Niclausse  boiler.  It  goes  without  saying  that  it  is  an  essen- 

tial requirement  in  ships'  boilers  that  they  should  be  able  to  stand  changes  in  the 
trim  of  the  ship  without  ill  effects. 

Similar  accidents  to  the  one  which  occurred  on  board   the  Freya  have  also  taken 
place  in  the  Italian  armored  cruiser  Garibaldi,  which  is  fitted  with  Niclausse  boih 

The  French  press  have  not  allowed  any  accidents  to  Niclausse  boilers  to  become 

known;   it  may.  however,  be  surmised  that  such  must  also  have  occurred  on  board 

French  warships,  since  Niclausse  has  given  up  the  less  reliable,  but  cheaper,  malic- 
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able  cast  iron,  and  now  fits  his  boilers  exclusively  with  the  much  more  expensive 

mild  steel  (flusseisen. ) 
It  should  further  be  mentioned  that  in  some  pressure  trials  of  water  tubes,  carried 

out  after  the  substitution  of  mild-steel  lanterns  for  the  malleable  cast-iron  lanterns, 
a  large  number  of  the  cap  nuts,  also  made  out  of  malleable  cast  iron,  used  for  closing 

the  back  ends  of  the  tubes,  burst;  it  is  probable  that  they  were  screwed  up  on  the 

conical  threads  with  too  much  force.  In  consequence  of  this  experience  all  the  cap 

nuts  were  replaced  with  others  of  mild  steel. 

Even  after  making  these  alterations,  the  design  of  the  Niclausse  boilers  still  gives 

rise  to  a  certain  amount  of  danger  in  so  far  that  some  amount  of  stress  is  present, 

which  tends  to  lift  the  tubes  from  their  seatings  in  the  headers  and  to  force  them 

out  of  the  headers  toward  the  firing  space.  Under  normal  conditions  this  stress  is 

taken  up  by  the  friction  in  the  conical  seatings,  and  by  the  dogs  on  the  front  walls 
of  the  water  chambers,  each  of  which  holds  two  tube  doors,  and  which  are  secured 

to  the  malleable  cast-iron  headers  by  means  of  studs  and  nuts.  If  at  any  time,  how- 
ever, any  of  the  tubes  show  signs  of  leakage,  it  is  very  convenient  for  the  stokers  to 

screw  down  the  nuts  on  the  studs  of  the  dogs  and  thereby  to  put  a  stress  on  the 

tubes,  wnich  may  easily  cause  a  stud  to  draw  out  of  the  thread  in  the  malleable  cast 

iron;  if  this  occurs,  then  the  two  tubes  concerned  are  only  retained  in  the  boiler  by 

the  friction  in  the  conical  seatings.  In  the  Diirr  boiler  the  tubes  are  forced  against 

the  conical  seatings  by  the  pressure  of  the  water,  and  the  hand-hole  doors  in  the  front 
tube  plate  are  absolutely  secure  from  any  danger  of  flying  out  because  the  openings 

in  the  tube  plates,  into  which  they  bed,  are  coned,  with  the  large  end  inside. 

This  element  of  safety  (see  fig.  34)  serves,  to  some  extent,  as  a  set-off  to  the  diffi- 

culty experienced  in  removing  and  replacing  the  hand-hole  doors. 

How  the  fine-cut  threads  are  likely  to  last  time  alone  will  show.  In  Germany, 
such  threads  have  hitherto  only  been  used  in  telescope  making,  but  never  in  boiler 

construction.  On  board  H.  I.  M.  S.  Gazelle,  where  some  of  the  fittings  of  the  blow- 
off  cocks  on  the  front  of  the  water  chambers  are  screwed  with  similar  fine  threads, 

(hey  have  hitherto  leaked  continually. 

The  attachment  of  the  headers  to  the  steam  collector  also  can  hardly  be  consid- 

ers! as  being  solid;  some  of  the  studs  broke  off,  even  when  the  boilers  were  being 
erected. 

After  these  experiences,  and  after  a  critical  examination  of  the  details  of  design, 

there  is  no  reason  why  we  should  exchange  the  proved  solid  construction  of  the 

Diirr  boiler  for  that  of  the  Niclausse  boiler,  especially  when  all  that  has  been 
adduced  against  the  Diirr  boiler,  at  VI,  2,  is  also  to  be  met  with  in  the  Niclausse 

boiler,  and  when  the  details  of  design  in  which  the  Niclausse  boilers  differ  from  the 

Diirr  boilers  compare  unfavorably  with  similar  details  in  the  Diirr  boiler. 

4.  With  Belleville  hoi  his. — The  Belleville  boilers  without  economizers,  as  fitted  on 
board  II.  I.  M.  ships  Hertha  &n<\  Hansa,  have  the  reputation  of  being  very  uneconom- 

ical, and  it  is  partly  for  this  reason  that  this  type  of  boiler  is  being  given  up  in 
England.  The  coal  consumption  in  the  acceptance  trials  of  the  Hertha  and  Hanm 

on  the  average,  1.98  pounds  per  I.  P.  II.,  both  for  the  continuous  full-power 
trials  and  for  the  ordinary  speed  trials,  and  consequently  does  not  compare  unfavor- 

ably with  many  of  the  runs  made  with  cylindrical  and  locomotive  boilers,  or  with 

other  types  of  water-tube  boilers;  especially  considering  the  moderate  forcing  of  the 

boilers  with  a  coal  consumption  of  from  L6.09  to  17.56  pounds  per  square  foot  <>i' 
grate  area  per  hour  for  the  full-power  trials,  and  of  from  8.35  to  8.6  pounds  for  the 
ordinai\  speed  trials. 

When  II.  I.  M.  B.  Hertha  went  out  to  the  China  station  the  mean  coal  consump- 

tion oi  ten  continuous  houre  at  ordinary  speed  was  L3.fi  pounds  pel  square  foot  «»i 
grate  surface  per  hour,  which  is  equal  to  a  consumption  of  2.9  pounds  per  I.  P,  ll 

per  hour;  on  some  runs,  with  4,600  I.  P.  II.,  the  consumption  was 2.8 pound 
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I.  P.  H.  On  the  other  hand,  from  a  report  sent  in  by  the  captain  of  the  Hertlw,  it 

appears  that  on  a  previous  occasion,  after  the  boilers  had  been  thoroughly  cleaned 

and  the  engines  had  been  overhauled,  during  a  twenty-four  hours'  run  at  ordinary 
speed  and  with  a  coal  consumption  per  hour  of  11.67  pounds  per  square  foot  of  grate 

surface,  the  consumption  perl.  H.  P.  was  only  1.79  pounds  per  hour.  According 

to  the  newspapers  the  English  cruiser  Europa  was  said  to  have  consumed  during 

her  contractors'  trials,  when  her  boilers  were  new  and  clean,  only  1.54  pounds  of 
coal  per  I.  H.  P.  per  hour,  whereas  later,  when  going  at  ordinary  speed,  the  con- 

sumption rose  to  4.85  pounds  per  I.  H.  P.  It  appears,  therefore,  as  if  these  boilers 

foul  very  much  when  working  continuously,  and  consequently  become  uneconomical. 
During  the  construction  of  the  boilers  for  the  Hertha  and  Hansa  much  stress  was 

laid  by  the  makers  in  having  Serve  tubes  for  the  lowest  rows,  which  are  those  most 

exposed  to  the  fire.  Such  tubes,  however,  at  that  time  could  only  be  made  by 

welding,  and  three  of  them  burst  at  the  welds  when  the  boilers  were  being  worked. 

Even  with  only  three  burst  tubes  out  of  a  total  of  792  welded  tubes — barely  0.4 

per  cent — the  possibility  of  further  bursts  taking  place,  entailing  probable  injury  to 
the  stokers,  was  considered  too  serious  a  risk  to  be  incurred,  hence  the  whole  of 

the  Serve  tubes  have  now  been  replaced  by  ordinary  seamless  tubes.  Although  the 

effect  of  this  alteration  was  to  diminish  the  steaming  efficiency  of  the  boilers,  it 
increased  the  safety  of  working. 

Similar  unfortunate  experiences  attended  the  working  of  Belleville  boilers  in  the 

English  navy;  here  also  the  welded  Serve  tubes  have  been  replaced  by  seamless  tubes. 

Allusion  has  already  been  made  at  V,  2,  to  the  disadvantage  possessed  by  these 

boilers  as  compared  with  other  water-tube  boilers  by  reason  of  their  unusually  small 
water  capacity,  and  the  consequent  introduction  of  reducing  valves  in  the  steam 

pipes.  These  reducing  valves  have  often  given  rise  to  trouble  when  steaming. 

Moreover,  the  use  of  high-pressure  steam  necessitates  comparatively  great  strength 
in  the  materials  of  the  steam  pipes,  and  consequently  requires  heavy  pipes  because 

the  reducing  valves  are  not  reliable,  and  the  strength  of  the  pipes  even  beyond  the 

reducing  valves  requires  to  be  calculated  for  the  higher  steam  pressure. 

Above  all,  however,  these  boilers  have  been  found  to  suffer  considerably  if  used 

with  leaky  condensers.  In  spite  of  their  being  only  fed  with  distilled  water,  thick 

deposits  of  salt  have  frequently  been  found  to  take  place  as  the  result  of  any  defect 

in  the  condensers;  these  deposits  especially  occur  in  the  upper  tubes,  which  at  times 

become  almost  completely  choked.  In  order  to  prevent  explosions  from  taking 

place  from  this  cause,  Belleville  places  small  fusible  plugs  of  lead  in  the  junction 

boxes,  which  melt  as  soon  as  the  tubes  become  hot  through  any  obstruction  of  the 

circulation.  The  hissing  of  the  steam  issuing  from  the  small  holes  thus  made  in  the 

boxes  wrarns  the  stokers  of  the  coming  danger;  thereupon  the  fires  are  drawn  and 
the  boiler,  after  becoming  cool,  is  examined  and  cleaned.  Such  occurrences  often 

took  place  on  board  the  Hertha  and  Hcuisa,  and  it  is  solely  owing  to  the  extraordi- 
nary care  and  vigilance  of  the  engine-room  complements  of  these  ships  that,  beyond 

the  bursting  of  the  Serve  tubes  already  referred  to,  more  serious  accidents  have 
hitherto  been  avoided. 

Belleville  boilers  can  be  inspected,  but  only  by  opening  a  large  number  of  doors 

which  give  rise  to  leakages  and  repairs.  Complaints,  as  a  consequence,  are  often 

heard  of  the  great  amount  of  trouble  and  labor  caused  to  the  personnel  during  th>' 
process  of  inspecting,  cleaning,  and  repairing  these  boilers.  Their  peculiarity  ot 
producing  wet  steam  has  led  to  the  adoption  of  a  very  extensive  system  of  bafflfl 

plates,  which  take  up  the  whole  of  the  steam  collector  and  have  to  be  removed 

whenever  the  collector  is  inspected.  The  baffle  plates  suffer  considerably  by  rust- 
ing, and  have  also  been  quite  destroyed  by  the  action  of  the  wet  stream  of  steam 

impinging  on  them.  A  large  number  of  the  plates  have  already,  as  a  eonsequeuee, 
had  to  be  renewed. 
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Finally,  the  shortness  of  the  flame  circuit  between  the  tubes  has  proved  very  incon- 

venient. The  heated  gases  enter  the  uptakes  and  funnels  at  a  very  high  tempera- 
ture and  heat  them  excessively.  On  board  H.  I.  M.  8.  Hertha  the  funnels  gradually 

collapsed,  necessitating  lengthy  repairs  and  the  adoption  of  specially  arranged  stays 
before  they  could  be  made  serviceable  again. 

Taking  everything  into  account,  there  are  no  grounds  for  again  bringing  this  system 
of  boiler  into  use  in  the  German  navy. 

.'».  With  Yarrow  boilers. — I  have  been  unable  to  obtain  any  details  as  to  the  experi- 
ence with  the  two  Yarrow  boilers  fitted  on  board  torpedo  boat  S32.  It  has,  how- 
ever, been  proved  that  they  are  very  uneconomical;  and  as  early  as  1898,  that  is  to 

say,  after  they  had  only  been  two  years  in  commission,  145  tubes  had  to  be  replaced 

in  each  boiler,  which  necessitated  the  boilers  being  taken  out  of  the  boat,  as  other- 
wise the  water  chambers  were  inaccessible.  Any  further  employment  of  this  system 

of  boilers  for  torpedo  boats  is  considered  as  inadmissible. 

VII. — Economy  of  the  Various  Systems. 

It  is  very  difficult  to  decide  on  the  exact  economy  of  any  boiler  system.  If,  in 

order  to  ascertain  it,  experiments  are  carried  out  on  shore  with  any  individual  type 

it-  efficiency  will  be  better  or  worse  entirely  according  to  the  skill  of  the  stokers. 

For  instance,  recently  during  some  experiments  carried  out  on  shore  with  a  Belle- 

ville test  boiler  fired  by  an  ordinary  well-trained  stoker,  such  as  is  generally  avail- 

able, 1  pound  of  coal  converted  7.84  pounds  of  water  at  0°  C.  into  steam  at  100°  C, 
whereas  with  a  specially  skillful  stoker,  supplied  by  the  makers  of  the  boiler,  the 

quantity  of  water  evaporated  was  8.836  pounds;  in  both  cases  35.8  pounds  of  the 
ame  coal  were  burned  per  square  foot  of  grate  surface  per  hour,  but  in  the  second 

experiment  the  dampers  were  used  at  each  firing  up,  and  the  furnace  doors  were 
never  kept  open  longer  than  ten  seconds.  It  is  clear  that  similar  results  could  never 

be  attained  on  board  ship  where  a  large  number  of  boilers  would  be  simultaneously 
at  work. 

Supposing  the  amount  of  coal  burned  on  board  ship  were  to  be  measured  and  com- 
pared with  the  I.  H.  P.  developed  by  the  engines  during  the  period  of  trial,  the  result 

would  be  appreciably  influenced  by  the  economy  of  the  engines,  by  possible  leakages 

from  joints  and  stuffing  boxes,  and  by  the  not  easily  ascertainable  consumption  of 

the  auxiliary  engines,  especially  of  the  steam  steering  engines. 
Reliable  results:  could  only  be  obtained  by  measurements  of  the  feed  water;  such 

-nrements,   however,  are  very  difficult  to  carry  out,  because  serviceable   water 

rs  are  not  inserted  in  the  feed  pipes,  and  such  experiments  could  therefore  sel- 
dom he  made. 

The  results  obtained  on  trial  runs,  apart  from  those  lor  ascertaining  the  economy 

of  the  boiler,  would,  to  a  certain  extent,  be  free  from  objections  it  the  work  done  by 
the  boilers  was  in  all  cases  the  same.     This,  as  will  be  seen  from  the  tabulated  results 

M  in  Appendix  1,  is,  however,  never  the  case. 

en  for  sister  ships  which  are  both  fitted  with  the  same  types  <>f  boiler  ordered 
from  different  makers,  the  details  of  construction  which  have  an  effect  upon  the 

economy  differ  considerably,  so  that  sometimes  the  difference  in  the  calorific  results 

between  1  wo  boiler  installations  of  one  and  the  same  system  are  greater  than  the  dif 
ice  between  installations  of  quite  different  systems.  A  striking  Instance  of  this 

Is  to  be  seen  in  the  two  I  in  ir  installations  on  board  the  Baden  and  Bayern. 

The  coal  consumption  during  the  trials  of  II.  I.  M.  gunboat  Tiger  must  be  left  out 

hi  ideration,  I )eeause  the  slide-valve  packing  rings  used  during  these  trial*  have 
lloiu   the  nee    of    the    •jniiboal    /.",/,,    bllill    at    the    same    \  a  l<  I ,    been    |»lo\ed   to 

leain  |>U  IJ<  ud<        when  the  mean  values  obtained  from  the  various  trial  line 

with  the  different    ■.   terns  of  boilers  are  coin  [tared,  it  ii  found  that  the  difference  in 

L300    02-       l. 
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the  coal  consumption  per  I.  H.  P.  per  hour  amounts  to  about  13  per  cent  for  ordi- 
nary speed  and  19  per  cent  for  continuous  full  speed. 

The  following  table  gives  the  coal  consumption  per  I.  H.  P.  per  hour  for  the  work 
done  by  the  boiler  as  stated: 

At  ordinary  speed. 

Type  of  boiler. 

Schulz   
Niclausse  ... 

Cylindrical.. 
Belleville  ... 
Diirr   

Thorny  croft. 
Locomotive  . 

Coal  consump-  j     Coal  con- 
tion  per  square  (sumption  per 
foot  of  grate  sur-    I.  H.  P.  per 
face  per  hour.  hour. 

Pounds. 
16.7 

12.4 

11.5 

8.12 
14.0 

17.5 

14.9 

Pounds. 
1.96 
1.96 
2.01 

2.01 
2.06 

2.21 

2.23 

AT  MAXIMUM  CONTINUOUS  SPEED. 

Thornycroft   
Niclausse   

Cylindrical  and  Schulz   

Cylindrical  and  Thornycroft 

Cylindrical   
Diirr   

Locomotive   
Belleville   

Schulz   

Apart  from  the  fact  that  these  two  tables  show  discrepancies  in  the  order  of 

sequence — e.g.,  the  Schulz  boilers  in  the  trial  runs  at  ordinary  speed  occupy  the  first 
place,  while  they  take  nearly  the  last  place  in  the  maximum  continuous  speed  runs — 
it  will  be  seen  on  reference  to  the  tables  in  Appendix  I  that  some  of  the  boiler 
systems  have  both  very  low  and  very  high  coal  consumptions,  hence  the  statement 
seems  justified  that  the  boilers  of  all  these  systems,  if  properly  proportioned  and 
properly  handled,  pretty  well  all  work  with  the  same  economy. 

This  seems  to  be  the  case  as  regards  the  cylindrical,  Schulz,  Thornycroft,  and  Diirr 
boilers,  with  which  the  following  very  favorable  coal  consumptions  have  in  certain 
instances  been  obtained: 

Type  of  boiler. 

Cylindrical  . 
Schulz   

Thornycroft 
Diirr   

Vessel. 
Pounds  j»er I.H.P.pef 

hour. 

Worth . . 

Nymphe 
litis  .... 

Bayeni . 

As  a  rule  the  results  of  trial  runs  available  are  too  few  for  deductions  to  be  drawn 

from  them  as  to  which  type  of  boiler  is  the  best  on  the  score  of  economy,  for  it  is 
impossible  from  two  such  entirely  different  results  as  were  given  in  the  ordinary  speed 

trials  of  the  Wurttemberg  and  Nymphe — which  vary  some  35  percent  from  each  other— 
to  take  the  arithmetical  mean,  and  to  use  the  figure  so  obtained  as  a  basis  from  which 
to  judge  the  economy  of  the  system.     It  may  be  taken  for  granted,  however,  that 
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the  results  of  the  trials  so  far  carried  out  go  to  show  that  equally  good  results  can  be 
obtained  from  the  Schulz  and  Diirr  boilers  as  from  cylindrical  boilers. 

It  was  at  first  freely  asserted  that  water-tube  boilers  under  continuous  steaming 
would  be  less  economical  than  cylindrical  boilers.  But  this  assertion  is  not  borne 

out  by  the  coal  consumed  by  the  First  Squadron  during  a  trip  to  Lisbon  in  the  sum- 
mer of  1899.  In  the  following  table  the  coal  consumption  of  the  ships  forming  this 

squadron  is  given,  first  for  their  official  acceptance  trials,  and,  secondly,  for  the  voyage 
referred  to  at  9  and  12.5  knot  speeds: 

Official  acceptance Voyage  to  Lisbon. 

Name  of  ship. 

trials  (pounds  of  coal 
per  hour). 

At  9  knots  (pounds  of 
coal  per  hour) . 

At  12.5  knots  (pounds 
of  coal  per  hour). 

Per  square 
foot  of 

grate. 

Per  horse- 

power. 

Per  square 
foot  of 

grate. 

Per  horse- 

power. 

Per  square 
foot  of 

grate. 

Per  horse- 

power. 

1.  Cylindrical  boilers. 

Brandenburg   
12.0 

12.3 
1.64 

1.74 

10.9 

11 

9.7 
10.3 

2.8 

3.13 2.8 

3.24 

16.64 

16.67 
15.28 

14.44 

2. 205 

Wi  Ksenburg   
2.266 

Kurfurst  Friedrich  Wilhelm. 

Worth   

12.9                1.83 

9.7               1.58 
2.39 
2.081 

Mean   11.7                1.70 10.46 2.  998 15.76 2.237 

2.  Durr  boilers. 

Baden    15                    2. 32 

14                   1.97 

18.2 

15. 87 

4.056 

3. 064 

20. 48 
22.32 

2.908 

Bayern   2.359 

Mean   14.5 2.14 17 3.56 
21.4 

2.  632 

3.  Thornycro/t  boilers. 

-■Eg  i  r   10.4 
2. 15 

IS.  2 
3.  263 

25 

2.685 

The  coal  consumption  per  I.  H.  P.  has  consequently  increased  on  the  average  as 
follows: 

Type  of  boiler. At  9  knots. At  12.5  knots. 

Cylindrical   Per  a  at. 

"78.7 

"67.5 
"53.6 

l'<  r  cent. 
«33.4 

Diirr   

"24.4 

■horny  croft   

a  26. 8 

"About. 

Thai  is  to  say,  the  depreciation  in  economy,  as  compared  with  the  official  accept- 
ance trials,  has  been  greater  with  the  cylindrical  boilers  than  with  the  water-tube 

boilers.  If  the  moan  values  arc  considered,  the  coal  consumption  per  I.H.P.  is 
actually  greater  with  water-tube  boilers  than  with  cylindrical  boilers,  because  only 
two  sets  of  Diirr  boilers  are  used  in  the  comparison,  one  of  which — in  the  Bocten, 
uhich  were  the  first  of  the  system  to  be  used  on  board  a  war  ship — from  the  outsei 

ed  themselves  to  be  uneconomical,  And  because  among  the  small-tube  water-tube 
boilers  only  one  Thorn  veroft  boiler  comes  into  the  comparison. 

rhe  c1(al  consumption  per  I.  II.  P.  of  the  Bayemt  on  the  other  hand,  for  continuous 
■teaming  i-  approximately  the  same  as  in  the  ships  with  cylindrical  boilers,  via, 
8.064  pounds,  as  against  the  mean  for  the  four  ships  of  2.998  pounds,  at  6  knots,  and 

i  pounds,  oh  against  the  mean  for  the  four  ships  of  2.237  pounds,  at   12]  knots. 
The  coal  consumption  of  the  Schulz  boilers  in  11.  I.  M.S.  Nymph  was,  bo  long  as  the 
COal   la-ted,  on  a  lull  .-pee.  I  ,  .  ,nt  i mi- >i i  -  run.  a-  |..\\    BJ  2   171    pound-  per  I.   II.   P. 

From  these  figures  it  will  be  -ecu  that  the  reproach  of  being  uneconomical  can  not 
he  indiscriminate! j  applied  to  all  water  tube  boilei 
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VTIT. —  Efficiency  of  the  Various  Systems. 

1.  Calculated  on  the  basis  of  floor  space. — The  efficiency  of  the  boilers  referred  to 
in  this  article,  calculated  on  the  amount  of  floor  space  taken  up  by  thern,  depends 

upon  the  extent  of  forcing  permissible,  the  grate  area  which  can  be  fitted  with  a 

given  boiler-room  floor  space  being  almost  similar  in  all  the  systems.  In  the  ships 

already  fitted  with  water-tube  boilers  in  the  German  navy  the  amount  of  grate  sur- 
face per  square  foot  of  boiler-room  floor  space  is  as  follows: 

Type  of  boiler.  !  S(luafe  feet  of *  ̂   grate  area. 

Schulz          0. 177  to  0. 267 
Diirr   18   to    .278 

Cylindrical   j         .  218  to    .264 
Thornycroft   IS    to    .  217 
Locomotive    .  118  to    .  13 

If  the  space  available  is  restricted,  a  somewhat  larger  amount  of  grate  surface  can 

be  placed  within  a  given  floor  space  by  using  Diirr  boilers  than  would  be  possible  if 

small-tube  water-tube  boilers  with  adequate  sized  water  chambers  were  selected. 
As  with  cylindrical  boilers,  the  pressure  used  in  the  ashpit  is  less  than  half  an 

inch  (0.47  inch),  which  admits  of  burning  not  more  than  about  24.58  pounds  of  coal 

per  square  foot  of  grate  surface  per  hour,  while  with  the  Diirr  and  Schulz  boilers 

about  37  pounds  can  be  quite  conveniently  burned,  the  efficiency  of  the  cylindrical 

boilers  as  compared  with  the  water-tube  boilers  in  question,  taking  the  amount  of 
floor  space  available  in  the  boiler  room,  stands  about  as  2  : 3. 

2.  Calculated  on  the  weight. — As  regards  the  weights  of  boiler  installations,  these 
depend  considerably  upon  the  amount  of  forcing  the  boilers  will  be  subjected  to; 

the  smaller  the  installation  is  for  a  given  power  the  less  econonomical  will  it  be  for 

a  greater  power,  because  it  will  then  have  to  be  heavily  forced,  but  the  installation 

per  I.  H.  P.  will  be  lighter.  A  certain  limit  will  be  imposed  on  the  makers  by  the 
fixing  of  the  maximum  coal  consumption  for  the  continuous  maximum  speed  runs; 

the  proportions  of  the  boilers  for  the  maximum  power  of  the  engines  will,  however, 

vary  considerably,  as  the  coal  consumption  is  not  ascertainable  for  runs  with  the 

maximum  power  of  the  engines  when  the  boilers  are  being  forced,  only  the  horse- 
power per  square  foot  of  grate  and  of  heating  surfaces  being  available  for  the  purposes 

of  comparison.  From  the  tabulated  details  given  in  Appendix  II  of  the  results  of 

trials  already  carried  out  with  the  maximum  power  of  the  engines,  the  following 

appear  to  be  the  powers  obtainable : 

Type  of  boiler. 

I.  H.  P. 

Per  square foot  of  grate 
surface. 

Per  square  foot of  heating 

surface. 

Cylindrical   

9  tO 

16.2  to  23. 7 

11.8  to  17.4 
16. 2  to  19. 2 

15  to  17. 1 

0.323  to  0.418 
Locomotive   

.  313  to    .  532 
Diirr                              

to    .3SS 
Thornvcroft   .  304  1 
Schulz                                                     

.  -J74  1 

Nevertheless  the  mean  values  ascertained  from  the  comparative  results  shown  in 

Appendix  II  afford  a  standard  for  judging  the  efficiency  of  the  several  systems  as 

measured  by  their  weight.      According  to  these  mean  values  the  weight  of  the  boiler 

installations — that  is,  the  weight  of  the  boilers — with  uptakes  and  funnels,  including 
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all  the  auxiliary  engines  with  their  steam  and  water  connections  in  the  boiler  room 
used  for  working  the  boilers,  stands  to  the  powers  obtained  as  follows: 

Type  of  boiler. 

I.  H.  P. 

Per  square 
foot  of 

grate  sur- 

face. 

Cylindrical   

Cylindrical  and  Schulz   

Cylindrical  and  Thornycroft 

Diirr   

Locomotive   

Belleville   

Niclausse   

Liz   

Thornycroft   

12.5 

13.6 
13.7 

14.6 

20.8 

12.5 

13.3 

16 

17.2 

Per  square      Pounds foot  of      i  per  I. H. P. heatingsur- face. 

0.390 

.328 

.352 

.347 

.427 

.398 

.396 

.304 

.332 

161 

131 

130 

111 

106.8 

103.2 

91.5 

85.5 

81.2 

The  figures  given  in  the  tabyle  of  Appendix  II  also  show  approximately  how  much 

Bore  weight  can  be  spared  by  using  the  various  boiler  systems,  if  the  work  done  by 

the  boiler  is  further  increased.  For  this,  however,  the  statements  of  the  coal  con- 
sumption shown  in  the  tables  of  Appendix  I  for  continuous  maximum  speed  runs 

with  all  the  boilers  at  work  must  be  taken  into  consideration,  because  these  values 

teve  a  close  connection  with  the  powers  obtained  from  the  boilers;  whereas  when 

running  at  ordinary  speed  as  many  boilers  can  be  used  as  are  required  to  prevent  the 

work  done  by  any  single  boiler  being  too  great. 

it  is  evident  that  the  values  of  the  weight  of  each  individual  boiler  installation  per 

I.  11.  P.  is  affected  by  the  efficiency  of  the  engines,  and  also  by  all  the  little  contin- 
gencies met  with  in  the  trial  runs,  and  by  the  greater  or  lesser  skill  of  the  stokers; 

it  would  therefore  be  expedient  to  obtain  a  larger  amount  of  data  from  which  to 

•haw  comparisons  in  order  to  obtain  more  reliable  mean  values.  According  to  the 
data  in  regard  to  weights  here  collected,  the  choice  of  a  mixed  boiler  installation  on 

board  battleships  leads  to  a  saving  in  weight  of 
158.7—128.6 

158.7 =  about  20  per  cent  over  an 

installation  of  cylindrical  boilers  only.  For  this  class  of  ship  this  represents  some  190 

tons,  which  can  be  utilized  either  in  coal,  thereby  increasing  the  radius  of  action, 

or  in  Bbme  other  way.  By  the  installation  of  Diirr  boilers  a  further  saving  of  some 

1!)  pounds  per  I.  H.  P.  would  be  affected,  which,  with  15,0001.  II.  P.,  would  mean  a 
farther  gain  of  some  120  tons;  if  Schulz  boilers  were  to  be  chosen,  the  saving  in  weight 

over  mixed  boilers  would  be  some  -1-1  pounds  per  I.  II.  P.,  equal  to  a  further  reduction 
of  about  270  tons. 

IX. — Cost  of  the  Various  Systems. 

!t  is  difficult  to  ascertain  the  cost  of  the  various  systems  of  boilers,  because  those 

in  the  imperial  yards  have  been  constructed  at  various  times,  and,  consequently, 
under  varying  conditions  of  trade  and  of  the  labor  market,  etc.,  while  on  the  other 

band  the  lenders  from  private  yards  seldom  give  any  details  that  can  be  used  for 
purposes  of  comparison.     Again,  the  cost  per  I.  II.  P.  is  greatly  Influenced  by  the 

amount  of  forcing  the  boilers  can  be  subjected  to,  and  also  by  the  efficiency  of  the 
illation. 

In  order  to  be  able  to  form  a  rough  estimate  a  few  figures  are  given  as  to  the  coal 
une  installations.     The  Bchulz  boiler  installation  for  II.  I.  M.  S.  WurUemberg coal 

\er\     lightly    worked.       If    they  were    to   be    |, 

approximately  to  the  sam<  itasinth  II    I    \l    3.  Nymphe  on  the  occasion 

"'   her  six  houi  ■  acceptance  trial   under  forced  draft,  I.  e  .  to  ■  development  of 
I.  H    P.  per  square  fool  of  grate  area,  and  0.815  I.  II.  P.  per  iquare  fool  oi  heat- 
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ing  surface,  the  steam  generated  would  be  sufficient  to  develop  7,100 1.  H.  P.,  making 
the  cost  of  the  boiler  installation  about  £3  15s.  per  I.  H.  P.;  this  figure  is  approxi- 

mately the  same  as  the  estimate  of  the  Schiff-  und  Maschinenbau-Aktien-Gesellschaft 
Germania  for  a  Schulz  boiler  installation. 

Principal  data  of  boilers  for  the  German  navy. 

Appendix  I. 

RESULTS  WITH  TRIPLE-EXPANSION  ENGINES. 

Contractors'  acceptance  trials. 
Under  ordinary  working  conditions. 

Ship. 

Continuous  maxi- 
mum speed  run. 

Ordinary  speed. Continuous  maxi- 
mum speed  run. 

Ordinary  speed. 

Coal  per 

square foot  of 

grate. 

Coal  per 
I.  H.  P. 

Coal  per 

square foot  of 

grate. 

Coal  per 
I.  H.  P. 

Coal  per 

square 
foot  of 

grate. 

Coal  per 
I.  H.  P. 

Coal  per 

square 
foot  of 

grate. 

Coal  per 
I.  H.  P. 

I.  Cylindrical  boilers. 

Brandenburg   

Kurfurst        Friedrich 

Wilhelm   

Weissenburg   

Pounds. 

20.2 

18.5 

18.6 

19.2 

14.7 16 

20.  5 
18.3 

15.5 

14.2 

20.7 
12.5 

Pounds. 

1.76 

1.74 

1.66 

1.73 

1.88 
1.73 

1.96 

2. 07 

1.79 

1<81 
2.29 

1.95 

Pounds. 

12 

12.9 

12.3 

9.7 

12 

10.7 

16.1 

.    10.2 
13.4 

4.65 

12.  s 

Pounds. 

1.64 

1.83 

1.74 

1.58 
1.99 

2.22 
2.  62 

1.69 

2.  2 
1.87 

2.72 

Pounds. 

19.3 

17.2 19 

17 
20.6 

23.1 
17 

16.9 

14.6 

Pounds. 

1.82 

1.89 

1.85 

2.11 

1.94 

2.08 

Poinids. 

16.6 

15.2 16.6 

14.4 
11.8 

Pounds. 
2.33 

2.42 

2.29 

Worth   

Kaiserin  Augusta   

Gefion    

2.1 

1.84 

Cormoran   

".7 

Condor . . 
2.85 

2.7 

i 

Geier   

Pelican   

Buzzard 
16.5 

3.22 
»Hohenzollern  . . 16.8 2.04 

Mean . . 17.4 1.86 
11.5 2.01 IS.  2 2.2 

II.  Locomotive  boilers. 

Siegfried   

Beowulf   

18.1 
23.  9 

29.  2 

35.3 

30.2 

31.4 
24.9 

28.8 

28.  6 40 

28.1 
19.9 

1.97 

1.77 

1.99 

2.  IT) 1.92 

1.87 

1.94 
1.S9 

1.82 

2.  29 

1.92 

2.  22 

C.7 

15.9 

17.6 19 

18.1 

1.-7 1.S7 

2.  is 2.  .17 
2.  27 

29.  7 
3.17 

Frithjof   

Hildebrand 

Heimdall 

Hagen   _   

Odin   
9.05 17.3 

2.4 

2.19 Hela   

Wacht. 

Jagd   26.5 

LSI Comet   16.7 
14 

2.  26 

2.  57 Meteor  .. 

Mean . . 28.2 1.98 14.9 2.  23 

III.  Dfirr  boilers. 

Bavern    

Sachsen    

19.6 

17.2 
23.06 

19.2 

2 
1.56 
2. 06 

1.99 

15 14 

2.  32 

1.97 

22.  1 

26.6 

23.3 

2.  62 

1.98 

20.4 20.6 1 

Victoria  Luise. 13.9 

13.2 

1.86 
2.  08 

Vineta   

Mean 19.7 1.91 14 2.06 24.1 2.29 
  = 
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JPrincipal  data  of  boilers  for  the  German  navy — Continued. 

Appendix  I— Continued. 

RESULTS  WITH  TRIPLE-EXPANSION  ENGINES— Continued. 

Contractors'  acceptance  trials. Under  ordinary  working  conditions. 

Ship. 

Continuous  maxi- 
mum speed  run. 

Ordinary  speed. Continuous  maxi- 
mum speed  run. 

Ordinary  speed. 

Coal  per 

square foot  of 

grate. 

Coal  per 
I.H.P. 

Coal  per 

square foot  of 

grate. 

Coal  per 
I.  H.  P. 

Coal  per 

square foot  of 

grate. 

Coal  per 
I.  H.  P. 

Coal  per 

square foot  of 

grate. 

Coal  per 
I.  H.  P. 

IV.  Thornycro/t  boilers. 

JEgiv   

Pounds. 

22.4 

Pounds. 

1.69 

Pounds. 

10.4 

Pounds. 

2.15 

Pounds. 

24.5 

28.6 

Pounds. 

1.94 
2.08 

Pounds. 
23.9 
25 

Pounds. 

3.32 

Three  days'  run   
2.72 

litis    24.9 
24.9 

39.1 

28.6 

17.4 

1.6 

1.69 

2.79 

2.12 

1.89 

21.8 

19.7 

21.6 

16.4 19 

1.99 

1.84 

3.31 2.9 

2.16 

Jaguar. 

Tiger    

Luchs  . 

Niobe   

Mean   23.6 1.79 17.5 2.21 

V.  Schulz  boilers. 

Wurttemberg   26.9 2.29 21.6 

11.8 

2.23 

1.67 

26.6 2.51 

Nymphe   

Three  days'  run  . . . 
26.6 

2.1 

  r" 

Mean   26.7 2.18 16.7 1.96 

VI.  Niclausse  boilers. 

Gazelle   15.4 1.81 12.4 
1.93 

Frcva   ! 
Mean     .J   I..   

V 1 1 .  l',<  Ih  r ille  boilers. 

Hertha   17.5 

16.6 
2.03 

1.99 

7.65 
8.6 

2.17 

1.85 
19.2 2.18 13.5 3.94 

nuim   

Mean   ' 17.1 2.01 8.12 2.01 

VIII.    Mixed    ty$temr— 

idrical  Thorny- 
croft. 

Fried  rich  III... 11.1-21.9 1.84 18. 1-35. 4 2.54 

1 X .    Mixed    *  y  .-■  t  >  ,„  — 
Cylin              huh. 

Williclln  II   1  1  20.  7 
1  82 

>rck    .... 
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Principal  data  of  boilers  for  the  German  nary — Continued. 
Appendix  II. 

PARTICULARS  OF  THE  SEVERAL  BOILER  INSTALLATIONS. 

[The  boiler-room  weights  include  boilers,  pipes,  auxiliary  engines,  funnels,  etc.] 

Ship. 

I.  Cylindrical  boilers. 

Brandenburg   

Kurfiirst        Friedrich 

Wilhelm   

Weissenburg   
Worth   

Kaiserin  Augusta   

Gefion   

Cormoran   

Condor   

Geier   

Pelican   

Buzzard   

Hohenzollern   

Maximum !      T0tai 

TrS^8    weight  of 
l.a.f.  ae-  >      hnilpr 

veloped.        D
011er' 

Mean 

II.  Locomotive  boilers. 

Siegfried   

Beowulf   

Frithjof   
Hildebrand   

Heimdall   

Hagen   

Odin   

Hela   

Wacht   

Jagd   

Comet   

Meteor   

9,863 

9,850 

9,964 
10, 330 

14, 310 

9,116 

2,816 
2,840 

2,920 

3,028 

2,770 

9,325 

Tons. 

4,725 
4,810 

4,900 

5, 260 
4,336 

4,552 

3,481 

5, 925 

728 

732 
717 

693 

905 598 

203 

193 
209 

219 

213 

778 

200 

222 
221 

220 

231 
240 
243 

237 

Grate 
surface. 

Square  feet. 

753 

753 

753 

753 

1,033 
715 
224 
226 

226 

258 

226 

1,033 

Heating 

surface. 

I.H.P. 

per 

square
 foot  of 

grate 

surface. 

Square  feet 

24, 640 
13.1 

24,640  i 13 

24,640 13.2 

24,640  1 
13.7 

35,700 

13.8 

22,700 
12.7 

7,534 

12.5 

7,050 

12.5 

7,060  j 12.9 

8,400 
1.7 

7,150 

12.2 

28,800  ; 9 

I.H.P. 

per 

square foot  of 
heating

 

surface.
 

12.5 

232 

219 

219 

222 
213 

213 

215 

281 

10, 763 

11,850 
11,850 

9,850 10,610 

10,610 

10,615 

12,500 

20.4 

22 
22.3 

23.7 

20.2 
20.9 

16.2 21.1 

0.400 

.398 

.402 

.418 

.400 

.402 

.374 

.402 

.415 

.361 

.384 

.  323 

Total 
weight 

per 

I.H.P. 

Pounds. 

165.6 

166.7 

161.5 

150 

141.5 
147 

162.1 

152 

161 
161.8 

173 
187.6 

390 

.438 

.406 

.412 

.532 

.408 

.42 

.328 

.  172 

161 

95.2 

103. 8 

101.2 

93.8 
120 120.  B 

156 

89.2 

3, 430 

169 
162 11,000 21 

313 
110.9 

Mean 

III.  Diirr  boilers. 

Baden   

Bayern   

Sachsen   

Victoria  Luise . 

Vineta   

Mean 

IV.  Thornycroft  boilers. 

.Egir   

Three  days'  run  ... 
litis    

Jaguar    

Tiger   
Luchs    

Niobe   

Mean   

4,676 

6,  IIS 

6,280 

6,370 
10, 420 

10,  500 

4,909 

1,358 

1,358 

1,351 
1,325 

8,000 

157 232 
9,200 

2d.  1 

20.  S 

347 

348 

323 

408 

472 

517 
454 

437 

674 

600 

16,750 

21,800 
18,250 
29,850 

27,000 

11.8 

13.  S 
14.5 

15.4 

17.4 

14.6 

192 

466 

471 

541 

542 

226 

274 

16,150 

17.9 

17.2 

427 

.366 

.288 

.348 

.  346 

.388 

347 

.304 

818 

4,098 

16.6 
.331 

<  < 
818 

4,098 

16.6  : 

.331 
77.  7 

818 5,098 

16. 6 
.331 

90 
818 

4,098 

10.2 

91.6 416 
2.170 10.  2 

.  369 

,832 

75.  2 106.8 

127 

124.5 
113.6 

101 
111 
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Principal  ditto  of  boilers  for  the  German  navy — Continued. 
Appendix  II. 

PARTICULARS  OF  THE  SEVERAL  BOILER  INSTALLATIONS— Continued. 

Ship. 

Maximum 
continuous 

I.H.P.  de- 
veloped. 

Total 

weight  of 
boiler. 

Grate 
surface. 

Heating 

surface. 

I.H.P. 

per 

square foot  of 

grate 

surface. 

I.H.P. 

per 

square
 foot  of 

heatin
g 

surface
. 

Total 
weight 

per 

I.H.P. 

V.  Schulz  boilers. 

Wiirttemberg   
6,177 

8,375 

Tons. 

292 

243 

Square  feet. 
412 

488 

Square  feet. 

22, 500 

25, 000 

15 

17.1 

.274 

.334 

Pounds. 106 

Nvrnphe   
65.3 

Mean   16 .304 85.5 

VI.  Niclausise  boilers. 

Gazelle   

Freva   

Mean   

6,275 
10, 100 

252 
417 462 

775 
5    15,650 

25,850 

13.6 13 .402 
.390 

90 
92.7 

13.3  |          .396 91.5 

VII.  Belleville  boilers. 

Hertha   10,050                 449 795 
795 

24, 000 

24, 000 

12.6 

12.4 

.400 

.395 

100.5 

Hansa   9,928  J                472 
106.8 

Mean   
12.5  j           .398 

103.2 

VIII.   Mixed    system — 

Cylindrical-  Thorny- 
troft. 

■sfaer  Friedricb  III. .. f             593 
12,™    j               m 655 280 23, 280 

13,250 

13.  7 

.352 

130 

IX.  Mixed     system — 

Cylindrical-Schulz. 

Iftber  Wilhelm  II  .... 

I&nt  Bismarck   18,420                785 
I             655 

j             327 
23, 400 
17,450 

}        13.6 

.328 

131 

The  cylindrical  boilers  in  the  mixed  installation  on  board  H.  J.  M.  S.  Kafeer  Fried- 

ri'h  in  on  the  six  hours'  official  trial,  when  the  engines  developed  13,000  1.  II.  P., 
pre  credited  with  a  development  of  about  13  I.  II.  P.  per  square  foot  of  grate  surface. 
If,  however,  an  air  pressure  of  only  0.47  inch  is  used  and  the  consequent  develop- 
iih nt  attained  i-  not  more  than  11.61  I.  H.  P.  per  square  foot  of  grate  area  and  0.325 
I.  II.  P.  per  square  foot  of  heating  surface,  then  the  power  developed  by  the  cylin- 

drical boilers  would  be  only  7,600  I.  H.  P.  As  thin  part  of  the  installation  cost  £32,950, 
the  cost  per  I.  II.  P.  on  this  assumption  would  he  about  C4  Os.  s.l. 

An  installation  of  Durr  boilers,  if  the  arithmetical  mean  is  assumed  a<  being  cor- 
would,  according  to  the  last  tenders  submitted  by  private  firms,  cost  about  £3 

10s,  per  I.  II.  P.  By  taking  other  data  for  working  out  the  calculations,  the  differ- 
ence in  price,  however,  comes  out  extremely  small,  the  Durr  boilers  in  certain  cases 

even  coming  out  somewhat  dearer  than  cylindrical  and  Schulz  boilers.  According 
to  a  report  from  the  imperial  yard  at  Kiel,  the  following  prices  have  been  paid  for 
the  boilers,  with  casing  plates  and  la  4  the  ships  built  at  the  yard  daring  the 

feu  years,  viz:  For  cylindrical  boilers,  SI  I6e  4d.;  for  Durr  boilers,  c\  lis.  (id. 
lid.;  for  Schulz  boilers,  t\   Los.  7d.  to  u   L6e.   L0d.,  calculated  on  the 

I.  II.  P.  contracted  foi . 
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X .  — CONCLUDl N*( i    R EMA RKS. 

From  the  foregoing  it  will  be  seen  that  the  decision  of  the  German  navy  to  con- 

struct Schulz  and  Di'irr  boilers,  while  carrying  out  experiments  with  other  systems, 
has  been  attended  with  satisfactory  results.  We  may  well  be  contented  with  the 
success  hitherto  attained,  and  the  time  may,  perhaps,  not  be  far  distant  when  the 

other  naval  powers  will  follow  in  our  footsteps.  We  began  to  build  water-tube 
boilers  somewhat  later  than  other  countries,  but  it  is  now  recognized  abroad  that  we 
have  consistently  progressed,  and  have  now  come  to  the  front  of  other  nations,  who 
begin  to  see  that  their  selection  from  the  various  systems  has  been  so  unlucky  that 

they  have  now  to  search  for  a  better  type  of  water-tube  boiler. 
It  is  not  improbable  that  further  experience  may  lead  to  the  adoption  altogether 

of  water-tube  boilers,  and  that  one  type  may  prove  better  than  the  other.  For  the 
present,  however,  the  principle  has  been  adopted  to  fit  gunboats  and  small  cruisers, 
where  saving  of  weight  is  of  special  consequence,  with  Schulz  boilers,  large  cruisers 
with  Diirr  boilers,  and  battleships,  which  can  stand  heavy  boiler  installations  some- 

what better,  with  cylindrical  and  Schulz  boilers. 

COMMITTEE  ON  WATER-TUBE  BOILERS. 

REPORT    ON    TRIALS    OF   H.   M.   S.   HYACINTH    AND   H.   M.   S.  MINERVA. 

This  report  covers  the  complete  results  of  the  trials  of  Her  Majesty's  ships  Minerva 
and  Hyacinth,  carried  out  under  the  direction  of  the  committee. 

The  trials  of  the  Minerva  and  Hyacinth  were  carried  out  so  as  to  be,  as  far  as  possi- 
ble, strictly  comparable.  They  each  included  a  preliminary  trial  and  trials  at  about 

2,000,  5,000,  and  8,000  horsepower.  In  the  case  of  the  Minerva  there  was  an  addi- 
tional trial  at  about  5,000  horsepower  to  examine  the  effect  of  using  retard ers  in  the 

boiler  tubes,  and  in  the  case  of  the  Hyacinth  there  was  an  additional  trial  at  her  full 
power,  about  10,000  horsepower.  In  each  case,  also,  there  was  a  long  run  from  the 
English  Channel  to  the  Mediterranean  at  about  7,000  horsepower,  followed  by  a  run 
home  from  Gibraltar  to  Portsmouth  at  the  highest  speed  possible.  All  these  trials, 
except  the  two  last,  took  place  in  the  English  Channel. 

The  principal  figures  in  connection  with  all  these  trials  are  set  forth  in  the  tables 
and  diagrams  appended  to  this  report,  of  which  the  following  is  a  summary:  Table  I 

gives  the  principal  dimensions  and  particulars  of  the  two  vessels  and  their  machin- 

ery, so  far  as  they  affect  the  committee's  trials;  Table  XXV  is  a  summary  table 
giving  the  results  deduced  from  all  the  observed  figures  as  to  the  performance  of  the 
boilers,  and  Table  XXVI  gives  similar  figures  for  the  performance  of  the  engines. 

It  will  be  seen  from  Table  I  that  the  Minerva  and  Hyacinth  are  vessels  of  very 
nearly  the  same  dimensions.  The  Minerva  was  first  commissioned  in  February,  1897. 

She  has  triple-expansion,  3-cylinder,  3-erank,  twin-screw  engines,  designed  to  indi- 
cate 8,000  horsepower  with  about  0.5  inch  of  air  pressure  and  closed  stokeholds, 

and  on  her  contractors'  trials  she  was  run  up  to  a  maximum  of  9,900  horsepower. 
Her  boilers  are  of  the  ordinary  cylindrical  type,  and  their  safety  valves  are  set  at  a 
pressure  of  155  pounds  per  square  inch. 

The  Hyacinth  has  4-cylinder,  4-crank,  triple-expansion  engines  (two  low-pressure 

cylinders),  and  obtained  on  the  contractors'  trial  a  maximum  horsepower  of  10,447, 
with  0.25  inch  of  air-pressure  in  the  stokeholds.  The  engines  are  fitted  with  a 

''closed-exhaust"  system.  In  this  system  the  exhausts  from  the  auxiliary  engines 
are  connected  so  as  to  deliver  into  the  low-pressure  receivers  of  the  main  engin< 
that  practically  all  these  engines  work  compounded,  or,  in  the  case  of  the  electrio 

light  engines,  tripled.  The  auxiliary  engines  are  also  arranged  so  as  to  exhaust  to 
the  evaporators,  auxiliary  condensers,  or  the  atmosphere.     Her  boilers  are  of  the 
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Belleville  type,  with  economizer*,  and  their  safety  valves  are  set  at  a  pressure  of  320 

p-iunds  per  square  inch.     She  was  first  commissioned  in  September,  1900. 
The  Minerva  is  therefore  an  example  of  the  engines  and  boilers  designed  for  use 

in  Her  Majesty's  service  five  years  ago,  and  has  had  none  of  the  later  improvements 
added.  Her  boilers  are  of  the  cylindrical  type,  and  they  were  not  originally  fitted 
with  retarders  in  the  tubes.  The  trials  at  2,000,  5,000,  and  8,000  horsepower  were 

run  without  retarders.  The  engines  are  of  comparatively  slow  revolution  type,  with 

moderately  long  stroke,  and  the  auxiliary  engines  are  not  fitted  with  the  system  of 
dosed  exhaust  which  has  resulted  in  considerable  economy  in  later  vessels.  The 

Mil"  rva  also,  having  been  in  commission  for  four  years,  had  had  a  corresponding 

■mount  of  wear  and  tear.  Her  machinery  was  thoroughly  overhauled  and  both  high- 
ire  cylinders  rebored  before  the  trials,  but  it  could  not  have  been  a  matter  for 

surprise  if  she  had  shown  some  signs  of  falling  off  in  performance;  and  still  less  would 
it  have  been  surprising  had  she  shown  some  comparative  want  of  economy  all  around, 
due  to  the  fact  that  she  contained  none  of  the  economical  improvements  of  the  last 

five  years. 
The  Hyacinth  is  a  new  vessel,  which  had  not  at  the  time  of  the  trials  ever  been  on 

actual  service.  She  is  fitted  with  the  latest  modifications  of  design  due  to  Admiralty 

experience,  including  Belleville  boilers  with  high  steam  pressure,  quick-turning  and 
short-stroke  engines,  and  closed-exhaust  system.  From  the  end  of  the  year  1900 

until  May,  1901,  when  the  committee's  trials  began,  she  had  been  in  dock  yard  hands 
with  the  object  of  insuring  her  perfect  condition. 

It  is  desirable  that  these  points  should  be  kept  in  view  in  considering  the  compara- 
tive performances  of  the  two  ships. 

On  account  of  the  great  importance  attaching  to  these  trials,  it  was  decided  by  the 

committee  that  they  should  be  as  complete  as  possible.  For  this  purpose  the  coal 

Med  was  analyzed  in  each  case,  samples  of  the  furnace  gases  wrere  collected  during 
the  trials  and  also  analyzed,  and  the  whole  of  the  water  delivered  from  the  main 

engines  and  from  the  auxiliary  plant,  aswTell  as  the  make-up  water  added  during  the 
trials  and  pumped  into  the  boilers,  was  measured.  The  coal  also  was  weighed 
throughout.     Other  special  measurements  were  made,  as  further  described  below. 

The  records  were  in  all  cases  taken  by  a  staff  from  Portsmouth  Dockyard,  under 

the  direction  of  Mr.  A.  Burner,  It.  N.,  an  assistant  to  the  chief  engineer  of  that  yard. 
The  same  men  were  in  nearly  every  case  employed  throughout  the  various  trials  in 

taking  similar  records.  The  dockyard  staff  also  worked  out  and  checked  the  horse- 
powers from  the  indicator  diagrams  and  the  totals  and  averages  of  all  records. 

d. — The  coal  used  on  the  trials  of  the  Hyacinth  and  Minerva  (not  including  the 
to  and  from  Gibraltar)  was  hand-picked  Welsh  coal,  and  care  was  taken  that 

the  coal  used  by  the  two  ships  should  be,  as  far  as  possible,  of  identical  quality.     It 

will  be  Been  from  the  analyses  in  Table  XXV  that  this  result  lias  been  obtained  very 

ly.    Th<-  stokehold  plates  were  swept  clean  at  the  commencement  and  al  the 
and  of  each  trial,  and  the  fires  examined  at  the  same  times.     All  coal  used  w  as  brought 

from   the   hunker   doors   to  the   iires  in  "skids,"  every  skid   of  coal    being  carefully 
linging  from  a  tested  spring  balance,  and  brought  to  Q  particular  amount. 

hourly  records  which  are  given   in  the  tables  show  the  amount  of  coal  taken 

the  bunkers  and  weighed  onto  the   floors  iii  each  hour  exactly  as  tallied,  but  it 

be  noted  thai  these  figures  must  not  be  taken  as  representing  the  actual  amount 

ed  in  each  intermediate  hour,  as  the  floors  were  only  cleared  at  the  beginning 

and  end  of  the  trial.    The  work  of  weighing  and  tallying  the  skids  waa  carried  ou1 
bief  petty  officer*  from  the  Portsmouth  reserve  taken  out  on  the  trials  under  the 

ction  of  an  engineei  officer  for  this  particular  purpo 
( bal  analysis.-  Piece-  from  the  coal  about  to  be  fired  were  taken  off  each  itokehold 

Boo]  ;it  frequent  intervals  during  each  trial  and  pul  on  one  aide.    The  w  hole  of  these 
mixed   together  alter  the  trial,  and  about  2  hundredweight  of  the  coal  ao 
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mixed  was  sent  in  each  ease  to  Mr.  Wilson  for  analysis.  This  whole  amount  was 
very  carefully  ground  and  mixed  to  obtain  the  sample  from  which  the  analysis  was 
made.  In  each  case  an  experimental  determination  of  the  thermal  value  of  the  coal 
was  made  in  a  bomb  calorimeter,  using  compressed  oxygen.  The  ash  and  moisture 

wTere  also  determined  experimentally  in  each  case,  but  the  thermal  values  of  the  dif- 
ferent samples  were  so  exceedingly  similar  that  it  was  not  thought  necessary  to  make 

complete  analyses  of  all.  The  thermal  values  calculated  from  the  analyses  which  are 
given  agree  very  closely  with  the  values  determined  by  experiment. 

Temperatures. — The  temperatures  of  the  flue  gases  were  taken  by  Callendar  electric 
thermometers,  and  read  on  a  galvanometer  made  by  the  Cambridge  Scientific  Instru- 

ment Company  for  the  special  purpose  of  these  trials.  The  whole  temperature-taking 
apparatus  worked  satisfactorily  throughout.  The  records  were  taken  regularly  from 
two  to  four  times  per  hour,  as  shown  in  the  tables. 

In  the  Minerva  the  temperatures  of  the  flue  gases  were  taken  in  the  uptakes  of  the 
two  after  boilers  and  very  close  to  the  boilers. 

In  the  Hyacinth  the  temperatures  of  the  flue  gases  were  taken  at  the  base  of  the 
foremost  funnel  in  the  uptake  from  No.  2  boiler  (see  Table  XXXIII),  about  10  feet 
above  the  top  of  the  economizer  tubes,  and  also  in  the  midship  funnel  just  above  the 

level  of  the  upper  deck.  The  former  readings  w<ere  the  higher,  and  have  been  taken 
into  account  in  estimating  the  average  temperature  of  the  flue  gases. 

Flue  gases. — Samples  of  the  flue  gases  were  taken  on  all  the  trials,  these  being  col- 
lected in  every  case  over  mercury,  the  suction  being  effected  by  mercury  displace- 

ment. The  samples  were  collected  from  the  funnel  at  the  same  place  as  the  upper 

point  where  the  temperatures  were  measured.  For  this  purpose  a  piece  of  l|-inch 
tubing  with  numerous  one-fourth  inch  holes  in  it  was  placed  right  across  the  funnel. 
A  one-eighth  inch  pipe  with  one-sixteenth  inch  holes  in  it  was  carried  across  the 
funnel  inside  the  larger  one.  This  small  pipe,  carried  to  the  outer  air  through 

a  screwed  gland,  was  connected  by  india-rubber  tubing  (tested  for  air  leakage  every 
time  a  sample  was  collected)  to  the  mercury  suction  apparatus.  The  samples  were 
collected  at  regular  intervals,  once  every  hour  or  half  hour,  according  to  the  length 
of  trial.  In  some  cases  each  whole  sample  was  collected  in  about  two  minutes,  in 
others  its  collection  was  distributed  continuously  over  about  twenty  minutes,  but 
the  final  results  show  no  difference  in  analysis  corresponding  to  the  difference  in 
times  of  collection.  All  the  samples  collected  were  analyzed,  and  the  mean  analyses 
are  given  in  Table  XXV.  Unfortunately,  the  tubes  containing  the  gases  taken  on 

the  Hyacinth'' s  trial  of  June  10  were  broken,  so  that  no  analysis  for  this  trial  can  be 
given. 

Steam,  dryness. — The  moisture  in  the  steam  was  measured  by  means  of  a  Carpenter 
calorimeter.  In  the  Minerva  this  was  connected  to  the  steam  pipe  between  the  regu- 

lating valve  and  the  high-pressure  valve  chest  of  the  port  main  engines,  no  separators 
being  fitted  in  the  steam  pipes. 

In  the  Hyacinth  the  calorimeter  was  connected  to  the  steam  pipe  in  Xo.  5  stokehold 
and  on  the  boiler  side  of  the  separator. 

Steam  temperatures. — The  temperatures  of  the  steam  were  taken  by  platinum  ther- 
mometers similar  to  those  used  for  the  flue-gas  temperatures,  and  read  on  a  galvanom- 

eter in  the  same  manner. 

In  the  Minerva  the  steam  temperatures  were  taken  (1)  in  the  run  of  steam  piping 

in  the  after  boiler  room,  and  (2)  betwreen  the  regulating  valve  and  the  high-pressure 
valve  chest  of  the  port  main  engines. 

In  the  Hyacinth  the  steam  temperatures  were  taken  (1)  in  the  run  of  the  steam 
piping  on  the  port  side  of  the  middle  boiler  room,  and  (2)  between  the  regulating 

valve  and  the  high-pressure  valve  chest  of  the  port  main  engines. 
Pressures. — The  steam  pressures  in  the  boilers  and  in  the  engine  room,  as  well  as 

the  pressures  in  the  various  receivers,  jackets,  etc.,  \  ere  noted  from  the  ships  gauges, 
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and  the  readings  of  these  gauges  are  given  in  the  tables.  The  observed  tempera- 
tures of  the  steam  and  the  initial  pressures  measured  from  the  indicator  cards  serve 

as  checks  on  the  steam  pressures  in  the  boilers  and  at  the  engines,  the  thermometer 

readings  being  certainly  much  more  trustworthy  than  those  of  the  pressure  gauges. 

Power. — Indicator  cards  were  taken  at  half-hourly  intervals  on  all  the  trials  except 
on  the  trial  of  the  Minerva  on  March  15,  when  they  were  taken  every  twenty  min- 

ute?. The  indicators  used  were  obtained  from  Her  Majesty's  dockyard  at  Ports- 
mouth, the  springs  having  been  carefully  tested  previous  to  the  trials  and  between 

consecutive  trials  when  any  length  of  time  elapsed. 

Revolutions. — For  obtaining  the  revolutions  of  the  main  engines  a  special  set  of 
counters  from  the  dockyard  was  used,  and  the  results  obtained  from  these  were 

checked  by  independent  observations  of  the  ordinary  engine-room  counters.  The 
number  of  revolutions  recorded  by  these  counters  for  the  interval  between  two  con- 

secutive readings  divided  by  the  number  of  minutes  in  the  interval  was  taken  as  the 

average  number  of  revolutions  per  minute  for  that  interval,  and  used  in  the  calcula- 
tion of  the  horsepower  for  the  indicator  diagrams  taken  during  the  interval. 

Water  measurements. — For  the  measurement  of  the  water  discharged  from  the 
engines  a  pair  of  tanks  was  used  for  each  set  of  main  engines,  these  tanks  being 

filled  and  emptied  alternately  and  each  time  of  rilling  noted.  The  tanks  were  gradu- 
ated, and  the  filling  arranged  in  each  case  so  that  it  lasted  from  eight  to  fifteen 

minutes. 

In  the  Hyacinth  and  Minerva  the  water  was  delivered  to  these  tanks  (which  were 

placed  on  the  upper  deck)  by  the  hot-well  pumps,  which  took  the  water  from  the 
engine  hot-wells,  where  it  was  delivered  by  the  main  air  pumps.  From  the  measur- 

ing tanks  the  water  passed  by  gravity  through  the  feed  filters  into  the  engine-room 
Tanks,  and  from  these  was  drawn  direct  by  the  boiler  feed  pumps. 

All  overflows  on  the  engine-room  feed  tanks  were  blanked  off  and  all  air  pipes 
connected  with  the  feed  tanks,  and  in  the  Minerva  and  Hyacinth  with  the  filters  also, 

were  carried  as  high  as  the  top  of  the  measuring  tanks,  so  that  the  measuring  tanks, 

filters,  and  feed  tanks,  with  their  connecting  pipes,  formed  a  closed  system.*''  The 
measuring  tanks  received  in  this  way  the  whole  of  the  water  discharged  by  the  main 

air  pumps.  In  other  words,  the  whole  of  the  water  which  had  passed  through  the 
main  engines. 

In  the  Hyacinth,  when  the  closed  exhaust  was  not  in  use,  and  in  the  Minerva  a 

separate  pair  of  measuring  tanks  was  used  to  receive  all  the  water  from  the  auxiliary 
condensers,  which  represented  the  steam  used  by  the  auxiliary  engines. 

The  water  drawn  from  the  jackets,  when  these  were  used,  was  measured  by  a 

separate  tank,  which  was  alternately  filled  and  emptied.'' 

The  amount  of  make-up  water  used  was  measured  in  a  separate  tank  and  delivered 
into  the  closed  feed  system  from  time  to  time,  as  required,  in  order  to  preserve  the 

level  reasonably  constant  in  the  main  feed  tanks.  This  make-up  feed  water  was 

pumped  by  a  special  pump  from  the  reserve  tanks  in  the  ship's  double  bottoms. 
The  evaporators  were  not  used  during  any  of  the  trials  before  the  run  to  Gibraltar. 

The  engine-room  feed  tanks  and  the  hot-well  tanks  were  in  all  cases  calibrated 
re  the  trials,  and  fitted  with  water  gauges  with  indices  attached   to  them.     The 

quantity  of  water  rn  these  tanks  at  the  beginning  and  end  of  each  trial  was  recorded, 
and  any  differences  allowed  for. 

In  the  Hyacinth  as  long  as  the  closed-exhaust  system   was  In  use  it  was  of  course 

in  the  case  of  tli»-  firsl  trial  of  the   Mini rva  \\\\-  arrangement  was  not  exactly 
followed. 

''Ou  the  2,000  horsepower  trial  of  the  Minerva,  owing  to  the  leakage  of  a  valve,  the 
}a<  i  't  watei  could  not  \w>  accurately  measured.  Tin-  separate  amount  given  for  thta 
ti ial  i    i herefore  i  itimated  ami  u«>t  measured, 
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impossible  to  measure  the  steam  used  by  the  auxiliary  engines  separately.  It  will 
be  seen,  therefore,  that  for  the  trials  at  2,000,  5,000,  and  8,000  horsepower  the 

greater  part  of  the  whole  duration  of  each  was  run  with  the  closed-exhaust  system 
in  use,  and  the  measurements  give  only  the  water  used  by  the  main  and  auxiliary 

engines  together.  To  find  out  how  much  steam  the  auxiliaries  wTould  use  if  sepa- 
rately exhausted,  so  as  to  form  some  idea  of  the  saving  due  to  the  use  of  the  system, 

the  closed  exhaust  was  put  out  of  use  for  a  portion  of  each  trial  and  the  auxiliary 
engines  discharged  into  the  auxiliary  condensers.  For  this  portion  of  each  trial  the 
amount  of  steam  used  by  the  auxiliaries  was  determined  separately,  as  mentioned 
above. 

The  final  results  obtained  from  the  trials  are  summarized  in  Tables  XXV  and 

XXVI.  In  these  tables  the  corresponding  pairs  of  trials  of  the  Minerva  and  Hya- 
cinth are  placed  in  adjacent  columns.  These  are  followed  by  the  full-power  trial  of 

the  Hyacinth,  which  has  no  corresponding  trial  with  the  Minerva,  and  this  again  by 

the  Minerva's  trial  with  retard ers.  It  will  be  seen  that  the  weather  during  all  the 
trials  was  good,  so  that  none  of  them  were  interfered  with  or  in  any  way  rendered 
difficult  on  this  account. 

Taking,  first  (Table  XXV),  the  boiler  trial  results,  and  comparing  the  figures  for  the 

two  cruisers,  it  will  be  noted  (line  50)  that  at  2,000  and  5,000  horsepower  the  Miner- 

ra's  coal  consumption  per  square  foot  of  grate  (with  the  number  of  boilers  actually  in 
use  in  each  case)  was  somewhat  less  than  that  of  the  Hyacinth,  but  that  at  higher 
powers  the  larger  grate  area  of  the  Hyacinth  reversed  this  ratio,  so  that  at  8,000 
horsepower  the  Minerva  was  burning  30.3  pounds  per  square  foot,  as  against  19.8  on 
the  Hyacinth,  the  latter  ship  only  burning  27.2  pounds  when  indicating  over  10,000 
horsepower.  The  rate  of  transmission  of  heat  through  the  heating  surface  (line  51) 
varies  similarly,  being  somewhat:  smaller  in  the  Minerva  at  the  lower  powers  and 
very  much  greater  at  the  higher  powers. 

The  thermal  efficiency  of  the  Hyacinth'' s  boilers  was  in  each  case  greater  than  that 
of  the  Minerva  s  at  the  same  power  (line  46),  and  the  evaporation  per  pound  of  coal 

from  and  at  212°  varied,  of  course,  in  the  same  way  (line  49).  The  difference  is  con- 
siderable at  2,000  horsepower,  small  at  5,000  horsepower,  and  very  great  at  8,000 

horsepower.  Fortunately,  the  completeness  of  the  observations  made  allows  it  to  be 
seen  at  once  both  to  what  this  difference  was  and  to  what  it  was  not  due.  That  it  was 

not  caused  by  the  forcing  of  the  Minerva's  boilers  appears  from  the  result  of  the 
2,000-horsepower  trial,  where  they  were  working  very  easily.  That  it  was  not  due 
to  incomplete  combustion  is  also  shown  very  clearly  by  the  figures  in  line  39,  which 
show  this  loss  to  have  been  practically  the  same  in  the  two  ships  at  8,000  horsepower. 
It  appears  to  have  been  due  entirely  to  the  high  funnel  temperature  and  the  excess 
of  air  in  the  furnace  gases,  with  the  consequent  waste  of  heat  up  the  funnel,  in  the 
Minerva  as  compared  with  the  Hyacinth  (line  40).  In  the  most  marked  case,  viz,  at 
8,000  horsepower,  the  loss  by  incomplete  combustion  is  practically  the  same  in  both 
ships,  but  in  the  Minerva  the  air  used  per  pound  of  coal  is  nearly  30  per  cent  greater 

than  in  the  Hyacinth,  and  the  gases  are  raised  118°  F.  higher  (line  27)  in  the  funnel, 
the  total  funnel  waste  (line  40)  being  just  double. 

It  is  difficult  to  regulate  with  certainty  the  amount  of  air  passed  through  the  fires. 
This  depends  partly  on  boiler  design  and  very  largely  on  stoking,  but  the  use  of 
retarders  in  the  tubes  is  a  well-known  and  much-used  device  in  merchant  steamers 
for  the  reduction  of  funnel  temperature.  It  was  therefore  thought  by  the  committee 

very  desirable  that  this  simple  remedy  for  a  veil-known  defect  should  be  tried,  and 
this  was  done  by  permission  of  their  lordships  in  the  trial  of  May  29.  Retarders 
were  fitted  in  half  the  boilers  of  the  Mi)icrva,  and  these  boilers  were  pushed  on  that 
trial  so  that  their  evaporation  might  be  at  least  equal  to  that  of  four  boilers  on  the 
8,000  horsepower  trial.  The  retarders  were  given  two  and  a  half  twists  in  their 
length,  which  was  the  full  length  of  the  tube. 
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The  results  of  the  employment  of  retarders  are  very  remarkable,  and  may  be  sum- 
marized as  follows: 

Heat  transmitted  per  square  foot  of  heating  surface  per  hour   B.  T.  U. . 

Heat  utilized  per  boiler  per  minute   B.  T.  U. . 

Air  pressure  in  stokeholds   ..   inches  of  water. . 

Rise  of  temperature  of  flue  gases   '.   deg.  F.. 
Coal  used  per  boiler  per  hour   pounds.. 

Water  evaporated  per  boiler  per  hour   do — 

Boiler  efficiency   per  cent. . 

Without 
retarders. 

With  re- 
tarders. 

9,560 
10, 220 

368, 000 893, 000 
0.81 0.65 
761 

634 

2,462 
2,363 

19,530 20, 890 

61.4 68.4 

It  will  be  seen  that,  with  retarders,  the  boiler  efficiency  is  practically  the  same  as 

that  of  the  boilers  of  the  Hyacinth  under  similar  conditions. 

As  it  has  not  been  possible  to  test  the  Minerva  over  again  with  retarders  at  low 

powers,  it  can  not  be  said  to  what  extent  the  boiler  efficiency  at  lower  powers  would 

be  improved  by  their  use.  The  very  notable  results  as  to  coal  consumption,  how- 
ever, on  the  voyages  to  Gibraltar  and  back,  on  which  retarders  were  used  in  all  the 

boiler  tubes  except  the  stay  tubes,  indicate  that  their  influence  was  very  marked. 
In  the  result  it  will  be  seen  that,  whether  from  this  cause  or  a  combination  of 

causes,  the  boiler  efficiency  of  the  Minerva  on  the  two  long  voyages  during  which  the 

coal  used  and  the  power  developed  were  measured  with  unusual  completeness, 

Appears  to  have  been  more  than  equal  to  that  of  the  Hyacinth. 

The  flue  gases  collected  on  May  29,  when  analyzed,  showed,  unfortunately,  that  for 
some  reason  they  were  not  a  true  sample  of  the  whole  gases  passing  up  the  funnel. 

Their  analysis  is,  therefore,  not  given  in  the  table,  as  it  would  be  misleading.  It  is 

certain,  however,  that  there  was  still,  as  in  earlier  cases  and  in  both  ships,  a  consid- 
erable loss  due  to  incomplete  combustion. 

As  to  the  completeness  of  the  combustion  in  the  furnaces,  it  will  be  seen  that  there 

is  not  much  to  choose  between  the  two  vessels.  On  the  2,000-horsepower  trial  of 

tin-  Minerva  no  carbonic  oxide  was  found  in  the  gases,  and  in  the  similar  trial  of  the 
Hyacinth  very  little,  but  in  all  the  other  runs  the  amount  was  considerable.  The 

air  used  per  pound  of  coal  was  least  on  the  Hyacinth's  8,000-horsepower  trial,  but 
the  proportionate  loss  due  to  incomplete  combustion  was  not  quite  so  great  as  in  the 
Minerva  at  5,000  horsepower,  although  the  air  used  in  the  latter  was  23.3  pounds 

ad  of  17  pounds  per  pound  of  coal.  In  connection  with  these  figures  it  is,  how- 

ever, to  be  noted  that,  although  the  analyses  given  represent  with  great  accuracy  the 
actual  constitution  of  the  samples  of  gas  collected,  it  is  in  the  nature  of  things  im- 

ible  to  insure  that  the  gases  collected  from  a  particular  position  in  one  funnel 

shall  really  he  a  true  average  sample  of  the  gases  passing  up  the  whole  area  of  that 
funnel,  still  less  that  they  shall  exactly  represent  the  true  average  constitution  of  the 

in  other  funnels.  Tin;  figures  in  lines  42  and  45,  from  which  the  thermal  effi- 

ciency of  the  boilers  is  calculated,  are  of  course  not  affected  by  the  analysis  of  the 

-.  but  the  accuracy  of  those  in  lines  :;'.»,  40,  and  I  I  depends  entirely  on  the  extent 
to  which  the  samples  collected  correspond  to  the  actual  average  of  the  whole  gases. 

The  result*  given  in  these  lines,  as  well  as  in  lines  2-1  and  25,  are  no  doubt  substan- 

tially accurate,  but  there  are  several  indications  that  the  actual  average  weight  of 

air  per  pound  of  coal  on  the  8,000-horsepower  trial  of  the  Minerva  must  have  been 
■Omen  hat  greater  than  that  calculated  (  line  24  )  from  the  composition  of  tl,. 

The  <  larpenter  calorimeter  showed  no  moisture  In  the  steam  on  any  of  the  Mint  rva'i 
trials,  On  the  two  lower  power  trials  of  the  Hyacinth*  little  wetness  was  found 
from  time  to  time  (see  Tables  win  ami  XIX).  it  ran  ap  occasionally  to  over  1 
per  cent,  but  it  in,,  (line 38)  was  negligible.     At  8,000  horsepower  and 
10,000  hoi  lepower,  however,  the  priming  due  to  wetness  in  the  steam, 
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whether  strictly  priming  or  not,  were  considerable,  being  4.7  and  6.4  per  cent  respec- 
tively. The  regularity  of  the  observations  seems  to  leave  no  doubt  about  the  reality 

of  this  wetness,  although  the  amount  of  water  collected  (past  the  calorimeter  connec- 

tion) in  the  steam  separators  was  negligibly  small.  Apparently  the  whole  of  the 
wetness  in  these  cases  found  its  way  at  least  as  far  as  the  regulating  valves,  if  not 

actually  into  the  cylinders. 

The  loss  of  steam  through  leaks  in  boilers,  pipe  joints,  engine  stuffing  boxes,  etc., 

is  indicated  by  the  figures  given  in  Table  XXVI,  line  42.  It  is,  of  course,  imp 

sible  to  apportion  the  losses  to  their  various  causes,  but  the  results  of  the  Gibraltar 

runs  lead  us  to  look  upon  leaks  at  the  boilers  as  being  responsible  for  any  abnormal 

increase  in  these  losses.  On  the  three  progressive  trials  of  the  Minerva  the  total 

losses  wTere  represented  by  2.1,  3,  and  3.7  tons  of  water  per  1,000  horsepower  per 
twenty-four  hours,  respectively.  In  the  Hyacinth  they  were  5.5,  2.9,  and  5.5  tons, 
respectively,  and  4.8  tons  at  10,000  horsepower.  The  irregularities  here,  no  doubt, 

depend  mainly  on  the  actual  tightness  of  the  boiler  joints  during  the  runs.  At  5,000 

horsepower  the  Hyacinth's  losses  came  out  very  well,  and  slightly  less  than  those  of 
the  Minerva  at  the  same  power;  at  the  other  powers,  both  lower  and  higher,  they 

were  very  much  greater,  and  it  was  found  later  on,  during  the  Gibraltar  runs,  that 

on  trials  of  greater  duration  they  became  most  serious. 

No  mishap  occurred  during  any  of  the  Channel  trials  except  on  the  8,000-horse- 

powTer  run  of  the  Hyacinth,  during  which  a  leaky  joint  put  one  boiler  out  of  use  after 
about  an  hour  and  a  half,  this  boiler  not  being  again  available  during  the  run.  On 

all  the  Hyacinth's  trials,  however,  the  great  irregularity  in  water  level  as  shown  by 
the  gauge  glasses,  which  appears  characteristic  of  the  Belleville  boiler,  was  very 

noticeable.  The  two  gauges  on  the  same  boiler  frequently  showed  an  apparent  dif- 
ference of  many  inches,  sometimes  the  one  and  sometimes  the  other  gauge  showing 

the  higher  level.  The  accident  which  happened  to  one  of  the  boilers  on  the  run 

home  from  Gibraltar,  and  which  is  dealt  with  later  on  in  this  report,  appears  to  indi- 
cate somewhat  clearly  the  cause  to  which  these  irregularities  are  due. 

We  may  now  pass  to  Table  XXVI,  which  gives  the  general  results  of  the  trials  so 

far  as  the  main  engines  and  auxiliary  machinery  are  concerned,  and  some  figures 

affecting  the  combined  performance  of  the  engines  and  boilers. 

It  will  be  noted,  in  the  first  place,  that  there  was  not  the  least  difficulty  in  either 

ship  in  maintaining  the  power  required  on  the  full-power  trials.  In  the  Hyacinth 
the  fans  were  running  for  the  higher  powers,  but  no  air  pressure  was  recorded  in 

the  stokeholds.  The  Minerva  used  closed  stokeholds  at  8,000  horsepower  and  on  the 

retarder  trial.  The  Hyacintlt  ran  for  eight  hours  with  an  average  power  of  10,180 

and  the  Minerva  for  nine  hours  with  an  average  power  of  8,132.  On  the  Gibraltar 
runs  these  results  were  fully  confirmed. 

The  Minerva  used  the  steam  jackets  on  all  her  channel  trials.     The  Hyacinth 

low-pressure  jackets  at  2,000  and  5,000  horsepower,  but  not  at  8,000  nor  10,000  horse- 

power. 

The  revolutions  of  the  Hyacinth's  engines  average  about  23  per  cent  higher  than 
those  of  the  Minerva  at  each  power  (line  19),  and  their  mean  pressure  reduced  to  the 

area  of  the  low-pressure  piston  (or  pistons)  exceeds  that  of  the  Minerva  in  practically 
the  same  proportion  (line  27).  These  figures,  of  course,  correspond  to  the  alteration 

in  engine  type,  in  the  direction  of  shorter  strokes,  larger  number  of  revolutions,  and 

higher  pressures,  which  has  been  in  progress  in  the  navy  for  some  years  past.  The 

piston  speeds  at  full  power  in  the  two  ships  are  practically  equal,  about  855  feet  per 
minute. 

As  to  engine  economy,  it  will  be  seen  that  at  the  two  lowest  powers  the   Mil 

uses  considerably  less  steam  per  horsepower-hour  for  all  purposes  than  the  Hyacinth. 
At  2,000  horsepower  the  comparative  figures  are  18.20  and  IS. SO.  and  at  5.000  hon 

power  15.15  and  16.08  (see  line  31).     These  figures  correspond  to  the  actual  running 
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of  the  ships  as  fitted,  the  closed  exhaust  being  in  use  in  the  Hyacinth.  To  form  some 
idea  of  what  the  real  advantage  of  the  closed  exhaust  was,  portions  of  each  of  the 

Hyacinth' s  runs  were  made  with  open  exhaust,  as  mentioned  above,  and  these  portions 
are  worked  out  separately.  At  2,000  horsepower  the  extra  steam  used  owing  to  the 
employment  of  the  open  exhaust  in  the  Hyacinth  was  found  to  be  7  per  cent,  and 
at  5,000  horsepower  4  per  cent,  and  it  would  seem  reasonable  to  expect  that  a 
corresponding  difference  would  be  found  in  the  case  of  the  Minerva  if  her  auxiliary 
engines  were  fitted  in  the  same  way. 

As  already  mentioned,  the  steam  used  for  the  jackets  in  the  Minerva's  2,000-horse- 
power  trial  is  an  estimated  figure  obtained  from  other  trials,  but  the  comparison 
above  made  remains  practically  unaltered  if  the  figures  for  the  jackets  be  omitted 
altogether. 

On  the  5,000-horsepower  trial  of  the  Hyacinth  the  disuse  of  jackets  seemed  to  be 
an  advantage,  reducing  the  steam  consumption  from  17  to  16.68  pounds,  or  prac- 

tically by  just  the  amount  of  steam  used  in  the  jackets.  They  were,  therefore,  not 
used  at  the  higher  powers.  No  similar  comparison  was  made  with  the  Minerva,  but 
on  the  run  out  to  Gibraltar,  at  7,000  horsepower,  it  was  considered  best  to  work 
without  any  jackets. 

At  8,000  horsepower  the  Hyacinth'' s  engines  use  less  steam  than  those  of  the 
Minerva  in  the  proportion  of  16.88  to  18.86  (a  difference  of  about  10.5  per  cent),  this 
being  practically  full  power  in  the  Minerva  and  about  82  per  cent  of  full  power  in  the 

1 1 'jacinth.  There  is  a  special  point  about  the  Hyacinth1 s  results  at  8,000  horsepower 
which  should  be  pointed  out,  the  steam  consumption  being  16.73  pounds  with  open 
exhaust,  as  against  16.88  with  closed  exhaust.  This  result  was  not  expected;  the 
only  cause  which  suggests  itself  is  that  the  higher  back  pressure  on  the  auxiliary 
engines  may  have  made  them  less  economical.  As  the  Hyacinth  was  not  originally 
designed  for  closed  exhaust,  some  of  the  auxiliary  engines  will  not  work  with  the 

high  back  pressure  which  would  occur  if  they  were  worked  "closed"  when  the  main 
engines  are  indicating  10,000  horsepower,  and  it  would  seem  not  improbable  that 
the  efficiency  of  all  might  be  materially  affected  at  8,000  horsepower.  It  will  be 

seen  that  the  average  power  during  the  four  hours  with  open  exhaust  was  consider- 
ably less  than  during  the  eight  hours  with  closed  exhaust,  but  the  curve  is  so  straight 
Diagram  XIX)  as  to  show  that  any  difference  due  to  this  cause  is  practically 

negligible. 
At  10,000  horsepower  the  Hyacinth  (working  with  open  exhaust)  is  again  more 

economical  than  the  Minerva  at  8,000  horsepower.  The  relation  between  the  steam 
economies  of  the  two  ships  is  shown  by  the  curves  in  Diagram  XIX,  which  indicate 

that,  as  fitted,  the  Minerva's  engines  are  more  economical  between  1,800  and  7,200 
power,  and  the  Hyacinth?*  beyond  these  limits.  At  powers  below  5,000,  no 

doubt,  although  probably  not  beyond  7,000,  the  economy  of  the  Minerva  might  be 
still  further  improved  by  the  employment  of  a  closed  exhaust  system. 

The  trial  of  the  Minerva  with  retarders  has  no  special  interest  so  far  as  the  engines 
concerned,  as  it  was  carried  out  solely  for  purposes  connected  with  the  boilers. 

Tin-  power  lor  which  steam  could  be  supplied  by  the  boilers  in  use  was  not  known 
rehand,  and  it  was  found  possible  to  increase  it  greatly  after  the  commencement 

Of  tin-  trial,  so  that  the  conditions  as  to  power  were  by  no  means  regular.  The  table 
however,  tin-  observations  made,  which  show  that,  owing  to  different  Linking- 

ni>,  the  pressures  in  the  high-pressure  and  intermediate-pressure  cylinders  were 
more  than  <.n  the  5,000-horsepower  trial,  and  in  the  l<>w  pressure  cylinder  much  lee 

hi'-  15,  16,  and  i?j,  and  that  this  distribution  of  power  i-  notably  less  econom- 
ical than  the  former  <»n<-  (14.86  pounds  against    18.40  pounds),  and  also  that,  for 
M-  not  obvious,  the  steam  used  by  the  auxiliary  plant  was  considerably  greater 

On  May  29  than  OH   Man-h    15. 

The  actual  thermal  efficiency  of  the  engines,  that  is,  the  ratio  ol  heat  turned  Into 

L800     <»^   18 
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work  to  heat  received,  is  given  in  line  36.  This  figure  is  naturally  more  correctly 
proportional  to  the  economy  of  the  engine  than  the  steam  consumption  is,  as  it  takes 
into  account  the  different  amounts  of  heat  received  per  pound  of  steam  in  different 

cases,  but  the  results  stated  by  the  two  methods  are  not  practically  different.  The 

Minerva  comes  first  with  16.7  per  cent,  and  the  best  performance  of  the  Hyacinth  is 

15.1  percent.  When  the  auxiliaries  are  taken  into  account  (line  37)  these  figures 
are  modified,  but  retain  the  same  general  proportion. 

Lines  39  and  40  of  Table  XXVI  are  given  chiefly  as  matters  of  scientific  interest. 

Line  39  gives  the  best  possible  theoretical  efficiency  of  an  engine  similar  to, that 

tested  if  it  worked  perfectly  on  what  has  become  known  as  the  "Rankine  cycle."  a 
Line  40  gives  the  ratio  of  the  actual  efficiency  of  the  engine  (line  36)  to  this  best 

possible  efficiency,  or  what  has  been  called  the  "efficiency  ratio."  This  figure  shows 
how  far  each  engine  approaches  the  highest  economy  which  can  be  theoretically 

attained  by  an  engine  of  its  own  type  working  with  its  own  steam  pressure.  It 

therefore  discounts  the  effect  of  different  initial  pressures  in  comparing  different 

engines.  Compared  in  this  fashion,  the  Minerva  reaches  65  per  cent  and  the  Hya- 

cinth 54  per  cent. &  A  comparison  of  the  figures  illustrates  the  fact  already  well 
proved  that  as  the  theoretical  efficiency  of  a  machine  is  increased  so  also  are  the 

difficulties  of  practically  obtaining  it.  The  Minerva  can  obtain  65  per  cent  of  a  possi- 
ble 25.7  per  cent  as  easily  as  the  Hyacinth  can  obtain  53.4  per  cent  of  a  possible  28.3 

per  cent. 
Line  27  of  Table  XXVI  gives  a  figure  which  enables  a  reasonable  comparison  to 

be  made  between  the  sizes  of  the  different  engines  in  proportion  to  their  work.  It 

represents  the  pressure  on  the  various  pistons  reduced  to  corresponding  pressures  on 

the  area  of  the  low-pressure  piston  or  pistons  and  added  together.  The  Hyacinth, 
of  course,  has  a  much  higher  reduced  pressure  (54.8  pounds  at  full  power  and  47.8 

pounds  at  8,000  horsepower,  this  being  a  part  of  the  intention  in  altering  the  engine 

design  in  order  to  get  machinery  which  would  occupy  less  space.  The  actual  net 

space  occupied  by  the  main  and  auxiliary  engines  and  evaporating  plant  in  the  Hya- 
cinth is  28,200  cubic  feet  and  in  the  Minerva  29,240  cubic  feet.  Taking  these  figures 

in  connection  with  the  maximum  horsepower  measured  on  any  of  the  committee's 
trials  over  a  period  of  several  hours  (10,180  and  8,657  horsepower,  c  respectively),  they 
amount  to  2.8  and  3.4  cubic  feet  per  maximum  horsepower  in  the  Hyacinth  and 

Minerva,  respectively.  The  weights  of  the  engines  complete  with  shafting,  propellers, 

and  spare  gear,  including  evaporating  and  electric-light  plants,  are  given  as  37s. 4 

and  364.8  tons  (see  Table  I),  which  gives  26.9  and  23.7  horsepower  per  ton  respec- 
tively for  the  two  vessels. 

The  weight  of  the  boilers  with  funnels  and  water,  and  the  whole  of  the  boiler-room 
weights  generally  (Table  I),  are  453.8  and  557.4  tons  in  the  HyacintJt  and  Mini 

respectively.  Worked  out  on  the  same  horsepower  as  in  the  last  paragraph,  the 

figures  come  to  22.4  and  15.5  horsepower  per  ton  of  boiler  weights  in  the  two  vessels. 

It  must  be  noted,  however,  that  figures  such  as  these  may  be  very  misleading:  the 

saving  in  weight  of  machinery  which  they  indicate  may  easily  be  more  than  counter- 
balanced by  additional  necessary  weight  in  coal  and  water.  It  will  be  seen  by  figures 

given  further  on  that  taking  machinery,  boilers,  coal,  and  water  together  there  is 

«See  report  of  a  special  committee  on  "Standards  of  thermal  efficiency  for  steam 

engines,"  appointed  by  the  Institution  of  Civil  Engineers;  the  report  was  published 
by  the  institution  in  1898. 

6The  exhaust  temperature  has  been  averaged  at  125°  F.  in  all  cases,  as  no  exact 
measurement  could  be  made  of  it.  The  figure  adopted  must  be  very  close  to  the 
actual  one. 

«On  the  contractor's  full-power  trial  of  the  Minerva  in  1896.  9.900  horsepower  wtl 
developed  for  four  hours,  9,600  being  the  specified  figure. 
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very  little  difference  between  the  two  ships,  and  that  the  difference  on  the  long  voy- 
age was  in  favor  of  the  Minerva. 

The  combined  performance  of  engines  and  boilers  as  represented  by  the  coal  con- 
sumption per  horsepower-hour  is  given  in  line  41  of  Table  XXVI,  and  is  also  shown 

graphically  in  Diagram  XXI.  At  2,000  and  8,000  horsepower  the  Hyacinth  has  the 
advantage  in  this  respect,  while  at  5,000  horsepower  the  Minerva  shows  best.  It 

appears  clearly  from  the  curves  that  the  Hyacinth's  consumption  at  different  powers 
is  much  more  uniform  than  that  of  the.  Minerm,  the  latter  ship  being  markedly  more 

economical  at  medium  powers  than  at  either  end  of  the  scale.  It  has  to  be  remem- 
bered, however,  that  the  Minerva  has  seen  much  more  service  than  the  Hyacinth,  and 

that,  in  general,  it  has  been  found  that  coal  economy  falls  off  as  boilers  and  machin- 

ery become  older.  In  this  connection  a  comparison  of  the  results  of  the  committee's 
trials  in  respect  to  coal  consumption  with  the  contractors'  trials  of  the  same  vessels 
is  instructive.     The  comparative  figures  are  as  follows: 

HYACINTH. 

ors'  trial. 

1899. 

Nov.  6  and  7.. 

Nov.  9  and  10. 

Dec.  4   

Duration 
in  hours. Horse- 

power. 

Coal  per 

horse- 
power per  hour. 

30 
2,146 

1.72 
30 

7,678 
1.48 

8 10, 447 
1.59      ;! 

Date  of  commit- tee's trial. 
Duration 
in  hours. 

1901. 

May  30  and  31. 
June  6  and  7  .. 

June  25   

June  18   

Coal  per 

Horse-      horse- 
power,     power 

per  hour. 

24 1 

2,049 
.    2.03 

24 

4,995 
1.84 

11 

8,116 

1.84 

8 10,180 2.11 

Ratio. 

1.18 

1.24 
1.32 

MINERVA/i 

1896. 

Sept.  29  and  30  . 

Sept.  24   

80 

8 
4,919 

8,216 

1.71 
2.10 

1901. 

Jan.  14  and  15 

Mar.  8  and  9.. 

Mar.  15   

25 

2,142 

2.15 
24 

5, 155 
1.74 

9 

8, 132 

■1.  42 

1.02 

1.15 

«It  is  interesting  to  note  that  on  the  committee's  trials  in  1901  the  Minerva  did  considerably  better 

than  on  her  special  trials  against  the  Highflyer  in  1900,  and  also  that  the  Hyacinth'*  performances  as 
to  coal  were  very  much  better  than  those  of  the  Highflyer  throughout  the  whole  range  of  power. 

Memorandum  respecting  water-tube  boilers  in  Her  Majesty's  ships,"  presented  to  Parliament 
in  1900.) 

There  wa-  no  contractors'  trial  of  the  Minerva  at  2,000  horsepower,  but  comparing 
the  L896  trials  at  5,000  and  8,000  horsepower  with  those  of  1901,  it  will  be  seen  that 

after  four  years'  active  service,  the  coal  consumption  has  only  increased  on  the  aver- 

~>  per  cent.  Comparing  the  corresponding  two  trials  of  the  Hyacinth,  the  differ- 
ence is  21  per  <cnt,  although  the  ship  had  not  seen  any  service  except  a  few  special 

trials,  and  had  been  specially  prepared  for  the  committee's  trials  by  thorough  over- 
haul and  trials  at  Devonport.  At  full  power,  the  difference  is  still  greater,  viz.  :;l' 

]»cr  cent.     The  committee  do  not  think  that  this  falling  off  was   an  accident  of  these 
trials  or  even  that  it  is  peculiar  to  the  Hyacinth,    it  occurred  in  a  -till  more  marked 

eon  the  run  to  Gibraltar  and  back,  audit  is  clearly  noticeable  in  tin-  records  o! 
the  Belleville  boilered  vessels,  which  have  been  submitted  to  the  committee. 

line  42  of  Table  XXVI  gives  the  amount  of  make-up  water  used,  in  terms  of  the 
number  of  tons  required  per  1,000  horsepower  per  twenty-four  hours.    The  Mint  rvat 
at  j!,<mk)  and  at  5,000  Horsepower,  and  the  i/i/<i<i„ih  at  5,000  horsepower  did  not 

ed  '.',  tons,  and  the  maximum  in  the  Minerva  \\a^  3.78  tana  (at  8,000  horse- 
power).    \i  jf000,  and  10,000  horsepower,  however,  the  Hyacinth  greatl) 

■  led  these  figures,  and  it  will  be  seen  that  od  the  outward  Gibraltar  run  this 
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matter  caused  a  practical  breakdown,  while  on  the  homeward  run  it  brought  up  the 
coal  consumption  to  a  quite  abnormal  figure. 

The  leading  particulars  of  the  runs  of  the  Hyacinth  and  Minerva  to  and  from  the 
Mediterranean  have  already  been  forwarded  to  their  lordships  by  the  president  of 
this  committee.     The  detailed  results  have  now  been  obtained  and  fully  worked  out. 

This  final  section  of  the  trials  was  divided  into  two  parts.  For  the  outward  run, 
the  power  was  fixed  as  7,000  in  both  ships,  and  each  ship  was  to  continue  working 
at  this  power  until  all  the  coal  on  board,  except  that  in  the  reserve  bunkers,  was 
exhausted.  The  ships  were  in  the  first  instance  to  run  from  Plymouth  past  Gibraltar 
to  Cape  de  Gata  and  then  to  continue  running  to  and  fro  between  that  point  and 
Gibraltar  until  the  coal  was  finished.  The  outward  run  was,  therefore,  specifically 

intended  as  a  high-power  endurance  trial,  which  might  give  information  as  to  the 
radius  of  action  of  each  ship,  as  conditioned  by  their  boilers,  engines,  and  coal 
storage. 

The  homeward  run  was  also  intended  to  be  an  endurance  trial,  but  simply  in  refer- 
ence to  power,  the  ships  starting  simultaneously  from  Gibraltar  and  steaming  to 

Portsmouth  at  the  highest  power  which  they  were  able  to  maintain. 
The  amount  of  coal  carried  by  the  Hyacinth,  in  addition  to  that  in  her  reserve 

bunkers,  was  968  tons,  and  by  the  Minerva  1,016  tons.  The  coal  was  ordinary  Ad- 

miralty Welsh  coal  from  Devonport  dockyard  stores,  and  was~  of  the  same  quality 
for  both  vessels.  The  stowage  of  the  bunkers  and  the  working  out  of  the  coal  was 
carried  out  under  the  supervision  of  a  staff  of  chief  petty  officers  from  the  Portsmouth 
reserve  under  the  direction  of  an  engineer  officer  in  each  ship. 

The  total  reserve  tank  storage  of  water,  including  special  tanks  fitted  for  this  run, 
was  about  140  tons  in  the  Hyacinth  and  about  170  tons  in  the  Minerva.  These  large 
quantities  of  reserve  water  were  taken  in  order  that  if  possible  the  evaporators  should 
not  be  worked  during  the  run  out,  so  that  the  loss  of  feed  water  might  be  accurately 
determined.  It  was  therefore  arranged  that  only  this  reserve  water  should  be  used 

as  make-up  until  it  was  reduced  to  20  tons,  after  which  the  make-up.  water  was  to  be 
supplied  by  the  evaporators. 

Both  ships  had  been  dry  docked  before  starting,  so  that  their  bottoms  were  clean; 
the  boilers  were  also  clean  and  all  machinery  in  good  order. 

Representatives  of  the  boiler  committee,  consisting  of  the  president,  three  mem- 
bers (Messrs.  Bain,  List,  and  Milton),  and  the  joint  secretaries,  embarked  in  the 

Hyacinth  and  Minerva  at  Plymouth  at  about  2  p.  m.  on  July  6;  the  ships  left  about 
3  p.  m.  on  the  same  day,  and  at  once  started  working  up  to  7,000  horsepower.  It 
will  be  convenient  to  deal  with  the  two  vessels  separately,  taking  the  Hyacinth  first. 

By  3.45  p.  m.  on  the  6th,  the  revolutions  of  the  Hyacinth's  engines  were  152  per 
minute  and  the  horsepower  6,994,  so  that  her  trial  fairly  started  from  this  time. 
Seventeen  boilers  were  in  use.  The  power  was  maintained  steadily  until  a  fog  was 
encountered  on  passing  through  the  Straits  of  Gibraltar  (early  in  the  morning  of 
July  9,  about  sixty  hours  after  starting)  which  necessitated  Blowing  down  for  about 

two  and  one-half  hours.  After  this,  the  power  was  again  raised  to  7,000,  and  main- 
tained for  forty  hours  more,  until  10.30  p.  m.  on  July  10,  one  hundred  and  three 

and  five-tenth  hours  after  leaving  Plymouth. 
The  reserve  water  was  rapidly  reduced,  and  when  it  had  fallen  to  35  tons,  the 

staff  engineer  asked  to  be  allowed  to  start  the  evaporators  on  account  of  the  diffi- 
culty of  getting  the  water  out  of  the  tanks  by  the  special  pump  which  had  been 

fitted  for  these  trials.  Two  Weir's  evaporators,  working  with  exhaust  steam  from 
the  auxiliaries,  were  therefore  started  at  5  a.  m.  on  the  9th  (sixty-two  hours  from 
Plymouth),  and  at  1  a.  m.  on  the  10th  (twenty  hours  later),  these  evaporators  were 
supplied  with  boiler  steam,  throttled  to  25  pounds  pressure,  instead  of  exhaust 
steam.  During  the  afternoon  of  the  10th  (about  ninety-five  hours  from  Plymouth), 
the  two  Normandy  evaporators  wTere  started   with  boiler  steam.     Pining  the  latter 
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part  of  the  trial  a  number  of  small  leaks  developed  in  the  boilers,  and  the  loss  of 

water  increased  rapidly.  This  was  especially  the  case  after  the  easing  down  off  Gib- 
raltar in  the  fog,  and  it  was  at  first  thought  that  possibly  the  sudden  easing  of  the 

engines,  which  caused  the  boiler  pressure  to  rise  sufficiently  to  blow  the  safety  valves, 
might  have  contributed  to  this  result.  At  1.15  a.  m.  on  the  11th,  the  staff  engineer 

reported  that  the  engines  would  have  to  be  eased  on  account  of  the  large  loss  of 
water,  and  the  trial  was  therefore  abandoned  as  from  1  a.  m.  All  the  evaporators 

(which  together  can  give  96  tons  of  water  per  twenty-four  hours)  were  working  at 
this  time,  and  in  addition  to  130  tons  of  water  from  the  reserve  tanks,  25  tons  of 

drinking  water  had  been  used  for  boiler  make-up,  a  total  amount  of  270  tons  of  feed 
water  having  been  lost  since  beginning  the  trial,  or  at  the  average  rate  of  8.9  tons 

per  1,000  horsepower  per  twenty-four  hours.  During  the  last  twenty-four  hours  of 
the  run  the  rate  of  loss  was,  of  course,  very  much  greater  than  this.  The  Hyacinth 

returned  to  Gibraltar  at  slow  speed,  arriving  there  on  the  evening  of  July  11. 

The  total  loss  of  feed  water  is  made  up  of  the  amount  used  from  the  reserve  tanks, 

made  by  the  evaporators,  lost  from  the  feed,  hot  well  and  deck  tanks,  etc.,  as  on  all 
the  trials. 

Taking  the  run  as  a  whole,  the  average  horsepower  from  3.45  p.  m.  on  the  6th  to 

1  a.  m.  on  July  11  (one  hundred  and  five  and  one-fourth  hours)  was  6,913,  and 

the  total  coal  burned  during  the  same  time,  676  tons,  being  2.08  pounds  per  horse- 
power hour,  a  consumption  about  15  per  cent  greater  than  that  obtained  on  the 

Channel  trials. 

The  water  delivered  by  the  engines  was  measured  for  a  period  of  four  hours  on 

July  7,  and  again  for  a  similar  period  on  July  8.  The  mean  horsepower  for  the  two 

periods  was  7,020,  and  the  water  measured  17.21  pounds  per  horsepower  hour;  this 

included  the  steam  used  by  the  auxiliary  engines,  which  were  exhausting  into  the 

low-pressure  receivers. 
It  was  anticipated  that  the  radius  of  action  of  the  ship  at  7,000  horsepower  would 

be  limited  solely  by  the  coal  expenditure.  It  has  turned  out,  however,  to  be  limited 

by  quite  another  set  of  conditions,  depending  not  on  coal  consumption  but  on  the 

asive  loss  of  water.  The  distance  run  when  the  trial  had  to  be  stopped  on  this 

account  was  1,810  miles,  which  represented  the  actual  radius  of  action  of  the  Hyacinth 

at  7,000  horsepower.  It  would  of  course  be  easy  to  work  out  arithmetically  a  hypo- 
thetical radius  of  action,  assuming  that  the  ship  could  have  continued  working  at  the 

lame  coal  consumption  per  horsepower  until  her  coal  was  exhausted,  but,  especially 
in  view  of  the  result  of  the  homeward  voyage,  the  committee  do  not  think  that  such 

a  figure  would  have  any  practical  value,  or  give  a  real  indication  of  the  performance 
of  the  vessel. 

Apart  from  the  loss  of  water,  the  machinery  on  board  the  Hyacinth  worked  with 
out  a  hitch  on  the  outward  voyage.  Flaming  occurred  at  the  after  funnel  during  the 

night  of  the  10th,  hut  not  at  any  other  time.     There  was  no  difficulty  in  keeping 
Mil. 

The  Minerva  was  a  few  minutes  longer  working  up  than  the  Hyacinth,  so  that  her 

run  at  7,000  horsepower  did  not  begin  until  4  p.  m.  on  the  6th.  Immediately  after 

leaving  Plymouth  all  the  steam  jackets  were  disconnected;  only  one  auxiliary  con- 
er  was  used  throughout.  The  Minerva  passed  Gibraltar  about  an  hour  and  a 

half  ahead  of  the  Hyacinth,  and  met  with  the  same  fog  in  the  straits  (sixty  hours  from 

Plymouth);  six-  had  to  slow  down  for  about  two  hours,  after  which  7.0(H)  horse- 

power  was  again  maintained.  <>n  the  afternoon  of  July  10  (about  ninety-six 
boun  from  starting),  a  holt  of  the  ahead  eccentric  strap  of  the  Btarboard  intermediate 

engine  broke,  and  the  starboard  engines  had  t<>  bo  Btopped;  the  port  engines  con- 
tinued working.    The  accident  rendered  necessary  the  replacement  of  the  strap  by 

:'•    -pan-  <,n<-.      This    v  ,rtl\   done    by    tie-  .-hip's  Staff   in   aln.nl    two   hours,    the 
itarboard  engines  being  rtopped  at   1.80  and  started  again  at  6.45.    The  ship  then 
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continued  steaming  at  7,000  horsepower  until  the  total  coal  in  the  bunkers  (apart 
from  reserve)  was  reduced  to  39  tons,  when  the  trial  was  considered  at  an  end  at  11 

p.  in.  on  the  12th,  one  hundred  and  fifty-two  hours  after  leaving  Plymouth,  or  one 
hundred  and  fifty-one  hours  after  starting  at  7,000  horsepower.  The  distance 
covered,  which  represented  the  actual  radius  of  action  of  the  ship  at  7,000  horse- 

power, wTas  about  2,640  miles. 
The  mean  horsepower  during  the  run  was  6,911,  and  the  coal  burnt  977  tons,  or 

2.10  pounds  per  horsepower  hour. 
The  Minerva  arrived  at  Gibraltar  with  32  tons  of  water  left  in  the  reserve  tanks, 

having  made  12. 75  tons  by  her  evaporators  on  the  voyage  out.  The  total  amount  of 
feed  water  lost  was  145  tons,  which  amounts  to  3.33  tons  per  1,000  horsepower  per 

twenty-four  hours,  and  corresponds  very  closely  with  the  amount  used  on  the 
Channel  trials. 

The  water  delivered  by  the  engines  was  measured  for  a  period  of  four  hours  on 
each  of  the  five  days,  from  the  7th  to  the  11th  of  July.  The  mean  horsepower  for 

these  periods  wTas  7,116,  and  the  water  measured  16.05  pounds  per  horsepower  hour 
for  the  main  engines  and  1.69  for  the  auxiliaries.  These  figures  are  considerably 

higher  (nearly  7  per  cent)  than  those  corresponding  to  7,000  horsepower  from  theo- 
retical diagrams,  and  throw  some  doubt  on  the  policy  of  running  without  jackets  at  this 

power.  It  should  also  be  noted  that  the  distribution  of  power  between  the  cylin- 
ders on  this  run  was  not  the  most  economical,  as  shown  by  the  results  of  the  retarder 

trial  of  the  Minerva  in  Table  XXYI. 

The  7,000  horsepower  wTas  well  kept  up  until  within  seven  hours  of  the  end  of  the 
run,  although  the  air  pressure  necessary  to  maintain  this  power  had  to  be  gradually 
increased  from  0.25  to  1.50  inches.  This  increase  of  pressure  was  due  to  the  choking 
of  the  ferrules  and  not  to  any  forcing  of  the  boilers,  which  were  being  worked  no 
harder  at  the  higher  than  at  the  lower  air  pressure.  During  the  last  seven  hours, 

however,  the  power  could  not  be  fully  maintained,  and  for  this  reason — along  with 
the  fact  that  the  ship  was  very  near  her  anchorage  at  the  time  and  that  fog  was 
coming  on,  the  trial  was  declared  at  an  end,  although  there  were  still  39  tons  of  coal 
in  the  bunkers.  Here,  as  with  the  Hyacinth,  it  is  easy  to  give  a  hypothetical  figure 
corresponding  to  the  number  of  miles  which  could  have  been  run  had  this  last 

amount  of  coal  been  burnt  by  the  ship  while  maintaining  7,000  horsepower  continu- 
ously. But  it  appears  more  accurate  to  take  the  figures  exactly  as  they  stand,  in 

which  case  the  radius  of  action  of  the  Minerva  at  7,000  horsepower  is  represented  by 
the  distance  already  given,  2,640  miles,  or  830  miles  more  than  the  Hyacinth. 

The  condition  which  limited  the  duration  of  working  in  this  case  was  the  choking 
up  of  the  ferrules  which  are  fitted  at  the  back  ends  of  the  boiler  tubes.  The  openings 
in  the  ferrules  were  found,  on  examination  at  Gibraltar,  to  be  choked  up  across  half 

or  three-quarters  of  their  area  by  a  thick,  hard  brown  slag,  which  also  coated  the 
surface  of  the  tube  plates,  and  which  was  not  removed  until  access  was  gained,  after 
cooling,  to  the  combustion  chambers. 
The  retarders  were  found  in  good  condition  at  the  end  of  the  run,  being  only 

slightly  burnt  for  about  1.5  inches  of  their  length.  A  little  slag  was  found  sticking 
to  them  at  the  back  ends;  this  was  easily  chipped  off  and  they  were  all  used  again. 
No  attempt  had  been  made  to  move  them  during  the  run. 

Although  at  the  end  of  the  run,  as  above  pointed  out,  the  ferrules  at  the  back  tube 
ends  were  badly  choked  up,  it  is  to  be  noted  that  this  would  not  in  practice  have 
delayed  the  ship  much  beyond  the  time  necessary  in  any  case  for  coaling. 

The  engines  and  boilers  worked  well  throughout  the  whole  run,  excepting  the 

accident  to  the  eccentric  strap  bolt  mentioned  above.  The  safety  valves  wen1  a  little 
light,  and  some  water  was  lost  through  them.  The  safety  valves  also  blew  heavily 

when  the  ship  was  slowed  on  account  of  fog  in  the  Straits,  although  the  silent  blow- 
off  was  in  use. 
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In  reference  to  the  speed  of  the  two  ships,  it  was  seen  from  the  start,  both  vessels 

working  at  the  same  power,  that  the  Minerva  was  the  faster  vessel.  This  result, 
however,  to  whatever  cause  it  may  be  due,  had  nothing  to  do  with  the  question 

under  consideration  by  the  committee,  and  is  in  accordance  with  the  contractor's 
trials,  of  which  all  the  figures  (a  summary  is  given  below)  have  been  before  the 
Admiraltv  for  some  time. 

Horse- 
power. 

Speed. 
Horse- 
power. 

Speed. 

Hvacinth 
2,146 

7,678 
10, 447 

Knots. 
12.10 

17.34 

19.  40 

Minerva   

4,919 

8,216 

9,902 

Knots. 

17.52 
19.60 

20.34 

These  figures  appear  to  be  also  in  entire  agreement,  so  far  as  the  Hyacinth  is 

concerned,  with  the  results  of  the  special  trials  of  that  ship  made  in  Stokes  Bay  in 
1900. 

During  the  stay  at  Gibraltar  the  feed-suction  pipes,  feed  tanks,  hot-well  tanks, 

boilers,  and  blow-outs  of  the  Hyacinth  were  all  water-pressure  tested,  but  no  leaks 
were  discovered  except  the  joints  on  the  boilers,  which  were  made  good  by  the 

ship's  staff.  As  none  of  the  leaks  which  were  found  appeared  to  be  serious,  it  was 
thought  well  to  take  the  ship  out  for  a  special  run  to  test  the  amount  of  water  being 

This  was  done  on  July  16,  and  from  a  six  hours'  run  at  about  7,000  horse- 
power the  water  lost  was  found  to  be  at  the  rate  of  about  56  tons  per  day,  which  was 

much  less  than  had  been  found  before  reaching  Gibraltar.  After  the  ship  had  been 

under  way  for  three  hours,  the  engines  were  eased  by  order  from  the  deck  and  the 

boiler  safety  valves  allowed  to  blow  freely,  so  as  to  reproduce  the  conditions  which 

occurred  during  the  fog  on  July  9;  on  this  occasion,  however,  before  the  boiler  safety 
valves  lifted,  the  escape  valve  on  the  main  steam  pipe  in  the  port  engine  room  blew 

owing  to  the  main-engine  reducing  valve  failing  to  act.  Much  steam  blew  into  the 

engine-room  hatchway,  which  was  a  very  undesirable  occurrence.  The  rate  of  water 

lost  given  above  was  calculated  from  a  steady  three  hours'  run  before  easing,  and  a 
run  of  two  and  a  half  hours  after  easing,  a  fresh  start  having  been  made  after  the 

easing,  and  the  water  lost  during  the  period  when  the  safety  valves  were  allowed  to 

blow  being  neglected.  So  far  as  this  trial  went,  there  did  not  appear  to  be  any 
tpecial  difference  between  the  rates  of  water  loss  before  and  after  the  easing.  But, 

in  any  case,  it  has  to  be  remembered  that  such  conditions  are  of  possible  occurrence 
at  any  time  on  actual  service,  and  that  it  would  be  a  very  serious  practical  defect  in 

a  boiler  if  it  were  in  any  way  injured  by  the  occurrence  of  the  maximum  pressure 
for  which  it  was  designed. 

After  this  run  the  Hyacinth  anchored  in  the  bay  at  4.30  p.  m.  on  July  1(5,  and  all 
Acre  drawn  except  those  in  two  boilers,      it  was  decided  to  allow  her  sufficient 

time  alter  anchoring  to  sweep  tubes,  etc.,  after  the  run  of  the  16th,  and  it  was  Settled 

that  th<-  start  home  should  not  he  made  before  4  p.  m.  on  July  17. 

'11m-  Minerva  arrived  at  Gibraltar  at  12.30  a.  m.  on  .Inly  13,  and  came  alongside  the 
Mole  at  7.30  a.  m.  that  day.      Steam  was  off  the  ship  entirely  from  noon  on  the  14th 

to  noon  on  the  15th.     On  the  forenoon  of  the  14th  the  boilers  were  Sufficiently  cool 

i"i  men  to  work  in  the  combustion  chambers  and  chip  off  the  slag  mentioned  above 
from  the  tube  plates  and  ferrules.  The  bridges  and  brickwork  were  found  only  to 
require  touching  up  with  lire  (lay  for  the  homeward  run  There  was  no  sign  of 

age  in  the  back  -ends,  and  tin-  Are  grates  were  in  fairly  good  condition.  The 
uptakes  and  smoke  I  ere  thoroughly  cleaned  an. I  the  combustion  chambers 
scrubbed  w  ith  wire  bru  ; 

1  o  admit  of  safely  handling  the  Minerva  out  to  her  anchorage  on  tin-  Kith,  three 
boilers  v  4,  viz,  No-.  1,  2,  and  8. 
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During  the  17th  both  vessels  lay  at  anchor  in  the  bay,  having  been  told  that  on  a 
signal  being  made  at  an  unknown  time  after  4  p.  m.  by  the  senior  officer  at  Gibraltar 
fires  were  to  be  lighted  in  the  boilers  not  at  work  and  the  ships  were  to  proceed  to 
Portsmouth  independently  as  fast  as  possible. 

Before  the  ships  began  the  homeward  run  a  communication,  as  follows,  was  handed 
to  the  captain  of  each  ship: 

"On  the  responsibility  of  the  ship's  officers,  a  large  quantity  of  fresh  water  for 
boiler  make-up  has  been  taken  as  a  precautionary  measure  in  the  double  bottoms  of 
the  Hyacinth  and  in  the  extra  reserve  tanks  in  both  ships.  These  latter  tanks  were 

fitted  specially  for  the  outward  trial,  and  do  not  form  a  part  of  the  ship's  ordinary 
fittings.  It  is  to  be  understood  that,  except  the  amount  originally  allowed  in  each 

ship  (about  40  tons  in  the  ordinary  reserve  tanks) ,  this  is  to  be  used  in  cases  of  emer- 
gency only  during  the  homeward  run.  The  evaporators,  if  they  have  not  been  in 

use  before,  are  to  be  started  as  soon  as  the  40  tons  mentioned  have  been  used  up,  and 

then  the  make-up  required  is  to  be  obtained  from  the  evaporators.  If  the  evapora- 
tors are  unable  to  supply  the  whole  of  the  make-up  required,  their  use  at  maximum 

obtainable  output  is  to  be  maintained,  while  the  remaining  water  used  may  be  taken 

from  the  reserve  tanks." 
The  condition  of  affairs  in  the  Hyacinth  on  the  17th,  up  to  the  time  of  starting,  was 

as  follows: 

5.45  a.  in. — The  main  stop  valves  in  engine  rooms  just  warm  to  the  hand.  Two 
boilers,  Nos.  14  and  17,  were  under  steam,  one  at  120  pounds  and  the  other  at  105 
pounds  pressure.  The  other  16  boilers  had  all  the  grates  raked  clean.  The  generator 

and  economizer  tube-nest  doors  were  all  shut.  The  lower  generator  tubes  were 
slightly  warm  to  the  hand.  The  boiler  casings  in  way  of  fire-brick  linings  were  all 
hot  to  the  hand.     There  was  about  2  inches  of  water  in  each  gauge  gla>-. 

12.50  p.  m. — The  main  stop  valves  on  the  engines  were  cooler  than  in  the  early 
morning.  The  two  boilers  under  steam  showed  200  pounds  pressure;  the  other  16 

boilers  had  the  grates  wooded  and  coaled.  All  tube-nest  doors  (both  generator  and 
economizer)  shut,  but  most  of  the  furnace  doors  were  wide  open.  These  16  boilers 
now  cooler  than  in  the  early  morning. 

3.05  p.  m. — The  steam  gauge  on  the  engine  side  of  each  set  of  main  engines  reduc- 
ing valve  showed  25  pounds  pressure.  Blowing  engines  working  on  both  the  boilers 

under  steam.     The  other  16  boilers  in  same  condition  as  at  12.50  p.  m. 

3.17  p.  m. — The  steam  gauge  on  the  engine  side  of  the  reducing  valve  of  the  port  set 
of  main  engines  showed  76  pounds  pressure;  the  corresponding  gauge  of  the  star- 

board set  showed  95  pounds.  All  cylinders  being  warmed  up  by  the  jackets;  the 
average  pressure  in  these  latter,  10  pounds. 

3.25  p.  m. — The  reduced  steam  gauge  on  both  sets  of  engines  showed  115  pounds. 
3.26  p.  m. — The  links  of  port  engines  moved,  and  both  engines  moving  ahead  and 

astern  under  steam  at  3.30  p.  m. 

3.45  p.  m. — The  two  after  stokeholds  were  closed  down  and  the  fans  run  hard. 
The  16  boilers  not  in  use  remained  unaltered,  except  that  a  priming  of  oakum 
steeped  in  inflammable  oil  was  inserted  in  the  mouth  of  each  furnace. 

4.15  p.  m. — The  steam  pressure  in  the  two  boilers  in  use  was  240  pounds. 
In  the  Minerva  during  the  same  period  the  conditions  were  as  follows: 
At  7.45  a.  m.  there  was  20  pounds  of  steam  in  No.  2  boiler  and  15  pounds  in  No.  1; 

the  fires  of  both  these  boilers  had  been  drawn  overnight.  The  smoke-box  doors 
were  all  shut  in  those  two  boilers,  and  the  grates  were  being  wooded  and  coaled. 
The  other  five  boilers,  which  had  not  been  in  use  to  steam  to  the  anchorage,  had  all 

the  smoke-box  doors  and  ash-pit  dampers  shut,  the  grates  were  all  wooded  and  coaled, 
and  the  furnace  doors  had  all  catches  lashed,  the  object  evidently  being  to  prevent 
the  doors  being  opened  and  the  boilers  cooled.  The  water  had  not  been  (hanged  in 
them  after  arrival  at  Gibraltar  on  July  13,  and  they  were  still  slightly  warm  to  the 
touch.     No.  6  boiler,  which  was  the  one  allowed  to  be  under  steam  according  to  the 
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instructions,  had  40  pounds  pressure  in  it.  The  main  stop  valves  on  the  engines 

were  barely  warm  to  the  hand. 
At  1.30  p.  m.  no  steam  was  showing  on  the  pressure  gauges  at  the  engines.  The 

main  stop  valves  on  engines  were  so  hot  that  the  hand  could  not  be  borne  on  them. 
The  main  circulators  were  running  slowly.  The  main  condensers  were  quite  cold. 

No.  6  boiler  now  had  80  pounds  of  steam,  and  the  fires  were  being  thoroughly 

cleaned.  Nos.  1  and  2  boilers  showed  no  pressure,  but  they  were  still  quite  hot. 

The  other  five  boilers  were  in  the  same  condition  as  in  the  morning,  and  certainly 

no  hotter;  there  was  about  2  inches  in  each  gauge  glass. 

A  little  later  the  engines  were  warmed  through  by  steam  from  the  boiler  which 
was  in  use. 

At  4  p.  m.  the  temperatures  of  the  water  in  the  boilers  of  both  ships  were  taken 

and  found  to  be  as  follows,  the  temperatures  being  in  degrees  Fahrenheit:  Hyacinth — 

No.  1,  90°;  No.  2,  90°;  No.  3,  92°;  No.  4,  90°;  No.  5,  94°;  No.  6,  92°;  No.  7,  94°; 

No.  8,  96°;  No.  9,  96°;  No.  10,  88°;  No.  11,  90°;  No.  12,  92°;  No.  13,  94°;  No.  14,  at 

work;  No.  15,  104°;  No.  16,  98°;  No.  17,  at  work;  No.  18,  109°,  giving  an  average 

temperature  of  94^°.  Minerva— No.  1,  164°;  No.  2,  180°;  No.  3,  104°;  No.  4,  104°; 
No.  5,  98°;  No.  6,  at  work;  No.  7,  100°;  No.  8,  108°,  giving  an  average  temperature 

of  122£°,  or  28|°  higher  than  that  of  the  Hyacinth. 
The  signal  to  start  was  made  at  4.27  p.  m.  on  July  17. 

The  16  boilers  of  the  Hyacinth  which  were  standing  were  lighted  immediately,  and 

the  main  engines  started  slowly  moving  ahead  at  4.30  p.  m.  The  after  group  of  boil- 
ers was  connected  up  at  4.52,  the  forward  group  at  5.05,  and  the  middle  group  at  5.09, 

the  steam  pressure  being  200  pounds  per  square  inch.  By  5.20  (or  fifty-three  minutes 
from  the  signal)  the  ship  was  proceeding  with  nearly  7,000  horsepower,  and  at  about 

150  revolutions  per  minute.  The  work  in  the  engine  rooms  and  stokeholds  was 

admirably  carried  out. 

The  seven  standing  boilers  of  the  Minerva  were  lighted  up  in  the  same  fashion,  and 

equally  without  flurry  or  hitch.  The  boilers  were  connected  up  as  follows:  No.  1  at 

4.55,  No.  2  at  5.02,  No.  8  at  5.07,  Nos.  4  and  7  at  5.10,  No.  3  at  5.12,  and  No.  5  at  5.15. 

The  engines  were  working  approximately  at  full  power  by  5. 16,  or  forty-nine  minutes 
from  the  signal,  practically  the  same  time  as  the  Hyacinth. 
From  this  time  both  vessels  did  their  utmost  to  make  all  speed  possible  to  England. 

The  Minerva's  records  and  coal  measurements  start  at  5  p.m.  and  those  of  the 
Hyacinth  at  5.20  p.  m.  This  difference  is  purely  an  accidental  one,  however,  as  at 

this  time  the  ships  were  close  together  and  just  reaching  up  to  full  speed. 

The  Minerva's  eccentric  straps  warmed  up  several  times  between  5.30  and  8  p.  m. 
on  July  17,  and  the  engines  had  to  be  eased  in  consequence,  so  that  the  average 

r  for  this  period  (estimated  from  the  revolutions)  was  about  6,600.  The 

Hyacinth  meantime  had  been  working  at  about  9,300  horsepower,  and  although  the 

Minerva  during  the  night  reached  over  8,600  horsepower,  the  Hyacinth  was  still  about 
6  miles  ahead  at  5  a.  rn.  on  the  18th,  soon  after  which  both  vessels  ran  into  a  fog 
and  had  to  slow  down. 

On  emerging  from  the  fog  about  9.30  a.  m.  the  ships  were  nearly  level,  the  Minerva 

being  slightly  ahead.  Throughout  the  day  the  Hyacinth  kept  up  about  9,000  horse- 
i  rand  the  Minerva  about  8,500,  but  the  latter  vessel  had  gained  considerably  by 

the  evening,  when  another  fog  came  on. 

During  the  night  the  vessels  remained  close  together,  and  when  the  fog  lifted, 

about  8  a.m.  on  the  L9th  falter  lasting  about    fourteen  hours),  they  were  again  level. 

The  Minerva  then  went  on  at  about  8,500  horsepower  and  the  Hyacinth  &i  about  9,400 
hut  at  these  powers  the  Minerva  was  still  the  taster  vessel,  and  went 

ahead  until  the  evening,  when  both  ships  had  again  to  slow  down  (a  third  time)  for 
The  Winerva  was  more  fortunate  in  getting  through  this  fog  than  the  Hyacinth, 

and  was  able  t<>  wot k  again  at  full  power  by  •':  a.  m.  on  the  20th,  while  the  Hyacinth 
could  not  do  so  until  about  5.80  a.  in.,  by  which  time  the  Minerva  wai  out  -i  light 
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The  Minerva  continuing  at  about  8,400  horsepower,  passed  St.  Catherine's  at  8.20 
p.  m.  and  anchored  at  Spithead  at  about  10  p.  m.  on  July  20.  The  Hyacinth  averaged 

8,600  horsepower  for  the  remainder  of  the  journey,  and  passed  St.  Catherine'*  at 
9.45  p.  m.,  reaching  Spithead  at  11.30  p.  m. 

The  Hyacinth  experienced  great  trouble  from  loss  of  water  during  the  whole  of  the 
run  home.  The  40  tons  of  ordinary  reserve  water  mentioned  in  the  communication 

to  the  captains  given  above  was  finished  by  5.15  a.  m.  on  the  20th,  although  her 

evaporators  had  been  working  practically  all  the  time.  In  addition  to  this,  it  was 

reported  at  the  end  of  the  run  that  she  had  used  58  tons  from  the  special  reserve 
tanks.  It  would,  therefore,  appear  that,  as  these  tanks  were  specially  fitted  for  this 

voyage  and  formed  no  part  of  the  ordinary  equipment  of  the  ship,  the  Hyacinth 
could  not  under  normal  conditions  have  completed  the  full  power  run  home  at  all 

unless  she  had  used  salt  water  make-up,  for  her  evaporators  were  pushed  to  their 
full  output  throughout.  The  total  feed  water  lost  was  329  tons  or  16.7  tons  per  1,000 

horsepower  per  twenty-four  hours. 

At  6.10  p.  m.  on  the  20th — that  is,  when  the  Hyacinth  was  within  four  hours  of 

Spithead — a  tube  burst  in  No.  10  boiler.  A  stoker  was  slightly  injured  by  steam  and 
hot  coal  while  closing  a  fire  door.  The  fires  in  this  boiler  were  drawn  and  the 

boiler  shut  off .  The  damaged  element  was  afterwards  brought  ashore  and  cut  up 
for  examination.  No.  10  boiler  is  a  wing  boiler  and  the  burst  tube  was  the  fifth 

from  the  bottom  in  the  outer  row  of  the  wing  element.  The  rent  was  on  the  side 

away  from  the  casing;  the  side  which  would  naturally  receive  most  heat.  The  tul)e 

had  clearly  been  red-hot,  the  softened  steel  Btretching  out  under  the  steam  pressure 
into  a  large  swelling  which  finally  burst,  the  actual  rent  being  about  8  inches  long 

and  3  inches  wide  at  the  center.  The  edges  of  the  rent  were  drawn  down  quite 

thin  and  sharp,  and  there  was  every  indication  that  the  steel  was  of  excellent  qual- 

ity. The  lower  tubes  of  the  element,  up  to  about  the  normal  water  level  as  indi- 
cated by  the  gauge  glass,  were  coated  internally  with  a  thin  lime  deposit.  The 

upper  tubes,  above  the  burst  one,  had  not  this  deposit:  they  were  bulged  in  pi: 

and  reduced  in  thickness  by  stretching  and  wasting  away.  It  was  plainly  only  a 
matter  of  accident  which  tube  split  first  out  of  several. 

An  examination  of  the  boiler  by  the  representatives  of  the  committee  on  board 

immediately  after  the  accident  showed  that  both  the  lead  plugs  were  gone  in  this 

element,  and  that  the  lower  plugs  were  gone  in  the  two  wing  elements  on  the  oppo- 
site side  of  the  boiler,  and  the  lower  plug  out  of  the  element  next  the  <  me  with  the  burst 

tube.  The  gauge  glasses  and  their  connections  were  found  not  to  be  choked  in  any 

way.  The  hole  in  the  nipple  of  the  burst  element  was  found  to  be  clear,  and  the 

amouut  of  loose  scale  in  the  feed  collector  was  small,  and  not  nearly  enough  to  sug- 

gest any  temporary  choking  of  the  hole  in  the  nipple  from  tin1  cause.  A-  far  as 
could  be  seen,  the  other  elements  of  this  boiler  were  uninjured. 

The  engine-room  register  for  July  20  contains  the  following  entry,  the  page  con- 

taining it  being  signed  by  the  staff  engineer:  "Tube  burst  in  No.  10  boiler,  fifth  row 
up  of  ninth  element;  water  in  gauge  glass,  three-fourths  glass  at  time,  opened 

safety  valves,  shut  off  boiler,  and  drew  fires  as  soon  as  possible." 
The  fact  that  one  element  was,  under  these   circumstances,   practically  dr\ 

empty  of  water  that  several  tubes  in  it  could  become  red-hot  (and  that  the  v< 

element  to  which  the  gauge  glass  was  attached) — emphasizes  most  strongly  the  fact 

pointed  out  by  the  committee  in  their  interim   report,  that  the  water-gauge  inc. 
tions  in  the  Belleville  boiler  are  entirely  untrustworty.     This  untrustworthiness  is  a 
most  serious  defect,  and  may  even  become  a  serious  danger  in  the  working  of  boi 
of  this  type.     It  must  be  remembered   that  the  boilers  were  only  being  worke 

about  25  pounds  of  coal  per  square  foot   <a  matt — a  far  lower  figure  than  in  the 

Minerva — and  that  the  conditions  were  in  no  way  different   from  what   they  n 
always  be  when  the  ship  is  driven  at  full  speed. 

The  lead  plugs  proved  to  be  no  safeguard  whatever  against  accident  in  this  case. 
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In  another  element  of  the  same  boiler,  when  it  was  overhauled  at  Portsmouth 

after  the  accident,  a  loose  hand-hole  door  was  found  in  the  lower  junction  box  in 
such  a  position  as  to  act  as  a  nonreturn  valve  on  the  nipple,  the  stud  of  the  door 
forming  the  stem  of  the  valve  in  the  bore  of  the  nipple.  The  element  where  this 
obstruction  existed  was  examined  in  place,  but  showed  no  damage.  It  seems,  there- 

fore, that  the  ordinary  variations  of  firing  in  a  Belleville  boiler  may  cause  much 
more  serious  changes  in  circulation  than  even  an  obstruction  so  obvious  that,  if  it 
had  occurred  in  the  burst  element,  it  would  certainly  have  been  put  down  as  the 
cause  of  the  accident. 

The  amount  of  make-up  water  required  by  the  Minerva  was  quite  moderate.  The 
40  tons  referred  to  in  the  communication  quoted  on  page  18  was,  by  an  oversight, 
exceeded,  and  65  tons  were  used  from  the  reserve  tanks,  only  19  tons  being  made  by 
the  evaporators.  The  feed  water  lost  was  85  tons,  or  4.56  tons  per  1,000  horsepower 

per  twenty-four  hours. 
At  the  higher  powers,  both  vessels  worked  with  closed  stokeholds.  The  Hyacinth 

had  generally  an  air  pressure  of  about  0.5  inch  of  water,  and  the  Minerva's  stoke- 
hold pressures  (as  mentioned  below)  varied  from  0.67  to  1.5  inches. 

The  figures  obtained  in  regard  to  coal  consumption  on  the  voyage  home,  although 
they  cannot  be  taken  as  so  exact  as  those  for  the  voyage  out,  are  interesting.  The 
run  divides  itself  practically  into  sections,  alternately  at  high  and  low  powers,  in 

consequence  of  the  foggy  weather.  The  Hyacinth's  run  of  seventy-six  and  five-tenths 
hours  consisted  of  forty-four  hours  at  an  average  of  9,040  horsepower,  and  thirty-two 
and  five-tenths  hours  at  2,310  horsepower.  From  the  curve  based  on  the  trial  results 
the  consumption  at  these  two  powers  should  be  1.90  and  2.02  pounds  per  horsepower- 
hour,  respectively.  Taking  each  at  its  proper  duration,  the  average  for  the  whole 
run  should  be  1.95  pounds,  while  the  actual  consumption  was  2.58  pounds,  or  over 
30  per  cent  in  excess.  No  doubt,  as  in  the  voyage  out,  this  is  largely  due,  both 
directly  and  indirectly,  to  the  water  losses,  the  water  made  by  the  evaporators 

accounting  for  only  about  0.22  pound  per  horsepowrer-hour. 
The  homeward  run  of  the  Minerva  divides  itself  in  a  similar  fashion  into  forty- 

seven  and  eighty-three  one-hundred ths  hours  at  an  average  of  8,284  horsepower,  and 
twenty-seven  and  five-tenths  hours  at  1,875  horsepower.  The  coal  consumption  at 
these  powers,  from  the  curve,  should  be  2.45  and  2.22  pounds  per  horsepower-hour 
(without  retarders),  respectively.  From  these  figures -the  calculated  consumption  for 
the  whole  voyage  works  out  to  2.37  pounds,  while  the  actual  consumption  was  only 
2.24.  It  may,  perhaps,  fairly  be  supposed  that  this  difference  is  due  in  great  part 
to  the  use  of  retarders,  the  saving  from  which  has  been  sufficient  to  overbalance  all 
the  disadvantages  due  to  long  and  irregular  working  and  slightly  inferior  coal,  and 
still  to  leave  a  balance  on  the  right  side. 

In  reference  to  the  figures  representing  horsepower  developed  per  ton  of  weights 
given  on  page  14  above,  it  seems  important  here  to  point  out  that  the  total  difference 
between  the  engine  and  boiler  weights  in  the  two  vessels  is  90  tons  out  of  a  displace- 

ment of  5,000  tons.  But  in  the  full-power  run  home  from  Gibraltar  the  IIt/<(ciiillt 
hui ned  90  tons  more  coal  than  the  Minerva,  at  nearly  the  same  average  power, 
and  med  also  58  tons  of  special  storage  water.  Her  initial  displacement  due  to 

machinery  was,  therefore,  for  the  three  days'  run,  not  90  tons  less,  but  about  60  tons 
more  than  that  of  the  Minerva.  On  the  runout  at  7,000  horsepower  the  coal  per 
horsepower-hour  in  the  two  ships  was  practically  identical  so  long  as  the  Hyacinth 
could  run  at  that  power.     The  only  tiling  that  could  have  enabled   her,  however,  to 
complete  her  trial  by  continuing  to  work  at  7,ooo  horsepower  until  all  coal  was  burned 
out  would  have  been  an  extra  weight  of  water  carried  in   her  double  bottoms.     The 

weighl  ua  uncertain,  hut  it  would  have  been  much  more  than  90  tons.    On 

neither  of  the  two  runs,  therefore,  could  any  advantage  have  been  taken  of  the  90 
tona  of  weight  nominally  saved. 

during  the  run  out  to  Gibraltar  all  leaks  discovered  throughout  the  machinerv  of 
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both  ships  were  carefully  noted  and  made  good  during  the  stay  in  port.  On  the 

run  home  the  leakages  from  the  Hyacinth's  main  and  auxiliary  engines  and  the 
steam  pipes  were  seen  to  be  very  slight. 

On  arrival  at  Portsmouth  the  boilers  of  both  ships  were  thoroughly  examined  and 
overhauled  by  the  dockyard.  In  the  Hyacinth  a  number  of  tubes  were  found  to  be 
slightly  buckled,  but  none  seriously  except  those  in  No.  10  boiler,  which  have  been 
already  mentioned.  Slight  leaks  were  found  at  the  joints  of  82  junction  box  doors 
of  the  generators  and  of  60  junction  box  doors  of  the  economizers,  as  well  as  in  about 

a  dozen  other  places.  None  of  these  leaks  could  be  described  as  more  than  ''slight," 
but  they  existed  in  spite  of  the  thoroughness  with  which  all  leakages  had  been 

stopped  at  Gibraltar.  As  the  most  careful  examination,  however,  both  by  the  ship's 
staff  and  the  staff  of  Portsmouth  dockyard,  has  failed  to  discover  any  other  leakages, 
the  committee  are  driven  to  the  conclusion  that  the  excessive  water  losses  are  due  to 

the  multiplicity  of  small  leakages  in  and  about  the  boilers.  Further,  they  think  that 
the  occurrence  of  these  leaks  is  inherent  to  the  design  of  boiler  used,  as  the  whole  of 
the  large  experience  gained  by  the  Admiralty  officers  since  the  introduction  of  these 

boilers,  and  the  very  special  care  and  attention  which  has  been  given  to  this  partic- 
ular matter  in  this  particular  ship,  has  practically  failed  to  remove  them.  It  is,  of 

course,  possible  that  the  steam  losses  due  to  engine  leakages  are  greater  in  the  high- 
speed type  of  engine  than  in  the  older  one,  but  as  to  this  there  are  no  data  on  which 

to  form  an  opinion.  The  results  of  the  Saxonia's  trials  indicate,  however,  that  the 
use  of  an  increased  boiler  pressure,  at  least  up  to  210  pounds,  does  not  of  itself  entail 
increased  losses  either  at  the  boilers  or  engines. 

The  examination  of  the  Minerva's  boilers  at  Portmouth  showed  no  leaky  tubes 
whatever  and  only  six  other  leaks,  all  described  as  "  very  slight."  The  cap  ferrules 
in  all  boilers  were  found  partially  closed  with  "bird's-nesting,"  similar  to  that 
found  at  Gibraltar,  but  apparently  not  so  extensive.  This  had  caused  the  stokehold 
air  pressure  on  the  heavy  runs  to  rise  from  0.67  inch  on  the  first  to  1.30  inches  on 
the  last,  the  actual  pressure  for  the  last  eight  hours  being  1.50  inches.  It  has  to  be 
remembered,  however,  as  pointed  out  on  page  17,  that  an  increase  of  air  pressure 
rendered  necessary  by  the  choking  of  the  ferrules  is  a  different  thing  from  an  increase 
due  to  forcing  the  boilers.  The  boilers  were  no  harder  pressed  under  an  inch  and  a 

half  of  air  pressure  than  under  three-quarters  of  an  inch,  and  there  was,  therefore, 
no  more  likelihood  of  damaging  the  tube  ends  in  the  one  case  than  in  the  other.  It 
would  have  been  quite  otherwise  had  the  additional  air  pressure  been  used  in  order 
to  increase  the  rate  of  combustion  on  the  grates  or  the  rate  of  evaporation  of  the 

boilers.  The  ferrules  were  cleaned  by  the  ship's  staff,  defective  ferrules  replaced, 
retarders  cleaned  and  replaced,  and  the  brickwork  made  good.  The  whole  of  the 
defects,  so  far  as  related  to  the  structure  of  the  boilers,  were  of  the  slightest  possible 

kind,  and  no  ill  effect  whatever  seems  to  have  resulted  from  the  extreme  and,  per- 
haps, unexpected  rapidity  with  which  steam  was  raised  for  full  power  at  Gibraltar, 

although  the  boilers  had  none  of  the  usual  fittings  for  increasing  circulation  or  for 
heating  the  water  at  the  bottoms  of  the  boilers. 

COMPTOX   DOMVILLE, 

Vice-Admiral  and  Chairman. 
Jas.  Bain. 
John  Inglib. 

Alex.  B.  W.  Kennedy. 
John  List. 
J.  T.  Milton. 

Jos.  A.  Smith. 
M.  E.  Browning, 
Wm.  II.  Wood, 

Joint  Secretari 
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Table  I. — Particulars  of  hulls,  machinery,  etc.,  of  H.  M.  S.  Hyacinth,  and  H.  M.  S. 
Minerva. 

Date  of  contractor's  trials. 
Builder's  name   

Description   

Length  between  perpendiculars   
Length  over  all   
Beam   

Displacement   

! 
 Forwa
rd. 

Aft   

Mean
 
  

Main  engines: 

Maker's  name   

Description   

Number  of  cylinders  and  cranks  to 
each  set. 

!H.  P   inches.. Inter   do   

L.P   do.... 

Diameter  of  piston  rods. 

Length  of  stroke   

Maximum  steam  pressure  engines  are 
designed  for. 

Where  auxiliary  engines  can  exhaust 
to. 

Bailer: 

Maker's  name   

Description   
Number  of  boilers   
Number  of  furnaces   

Length  of  fire-grate   
\\  Idth  or  diameter  of  furnaces   

Total  area  of  fire  grate   sq.  ft.. 

Total  area  of  heating  surface  . .  .do..   J 

I  .  -valve  pressure. .  .lbs.  per  sq.  In. . 

Diameter   

Length  between  tube  platei  or 
junction  boxi 

Pitch 

H.  M.  S.  Hyacinth. 

1899 

London  and  Glasgow  Ship- 
building Co. 

Second-class  cruiser   
350  ft. 

373  ft. 54  ft 

5,600  tons. 
19  ft.  G  ins. 
21  ft.  6  ins. 

20  ft.  6  ins. 

London  and  Glasgow  Ship- 
building Co. 

Vertical  triple-expansion  . . 
4 

26 

42 48  (2  to  each  set). 
S.  P. 

Ins. 

6.622 
6.556 

6.620 

6.621 

Ins. 

H.  P.  6.613 

I.  P.  6.615 
Fd.  L.  P.  6.620 
Aft.  L.  P.  6.613 

2  ft.  6  in. 

250  lbs.  per  sq.  in. 

L.  P.  receivers,  evaporators, 

auxiliary  condensers,  and 
atmosphere. 

London  and  Glasgow  Ship- 

building Co. 
Belleville   

18 

18 

5  ft.  6|  ins. 
7  ft.  lo:  ins. 

792 

aerator)  16,880 

(Ecouomiser)  8,046 :<20 

(Generator)  i  ins. 
i  Economlter)  2|  ins. 

•  nihil)  5  it.  10,',;  ins. 

i  Economiser)  6  ft.  i\\  ins. 
(Generate]  i6ilnt.Il in-,  v. 

Economiser)  :*|a  ins.  ii.  ■ 

in*,  v. 
ol  ferrule  fitted  to  tube* 

Are  retardert  fitted  i<<  lu 

H.  M.  S.  Minerva. 

1896 

Chatham  dockyard. 

Second-class  cruiser. 
350  ft. 

373  ft. 

53  ft.  6  ins. 

5,600  tons. 
19  ft.  6  ins. 
21  ft.  6  ins. 

20  ft.  6  ins. 

Chatham  dockyard. 

Vertical  triple-expansion. 
3 

S.  P. 
33g^  33 5? 

74 

49^ 

74 S.  P. 
Ins.        Ins. H.P.6§5    6g| 
I.  P.  6?       6f  f 

L.P.6fi    &\% 

3  ft.  3  ins. 

150  lbs.  per  sq.  in. 

Auxiliary    condensers    and 
atmosphere. 

Chatham  dockyard. 

Single-ended  cylindrical. 
8 

24 

7  ft. 

3  ft. 

10§ 

ins. 
619 

is.    I«,| 

!  - 

21 

ins. 

6  ft 

8| 

lMv 
in-. 

admlraltj 

titer  Mil)  29,  a1  requeal 
ol  boiler  commits 
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Table  I. — Particulars  of  hulls,  machinery,  etc.,  of  H.  M.  S.  Hyacinth,  and  H.  M.  S. 
Minerva — Continued . 

Stokehold  fans: 
Number   

Diameter   

Funnels: 
Number   

Diameter  (inside)   

Height  above  dead  plates 

Propeller: 
Twin  or  single   
Number  of  blades  to  each 

Diameter   

Mean  pitch   

Immersion  of  upper  edge. 

Auxiliary  machinery  not  worked  off  the 

main  engines:" 
Main  circulating  pumps   

Auxiliary  circulating  pumps   

Auxiliary  air  pumps   

Combined  auxiliary  air  and  circulat- 

ing pumps. 
Drain  tank  engine   

Hotwell  pumps   , 

Auxiliary  hotwell  pump  i>   
Fire  and  bilge  engines   

Stakehold  fans   

Furnace  air  pumps   

Capstan  engine   

Steering  engine   

Air-compressing  engines   
Electric  light  engines   

Evaporators  and  engines   (sets) . 
Distillers  and  engines   (sets) . 

Refrigerating  machinery   (sets) . 
Coal  hoists   

Ash  hoists   

Turning  engines   

Workshop  engine   

Main  feed  pumps   
Auxiliary  feed  pumps   

Make-up  feed  pump  b   
Reversing  engines   

PARTS. 

Main  engines,  with  propellers,  spare  parts, 
and  evaporating  and  distilling  plants, 
tons   

Boilers  with  funnels,  spare  parts,  and  hot 

water  to  working  height;  also  pipes, 

fans,  feed  engines,  and  all  boiler-room 
weights   tons.. 

H.  M.  S.  Hvacinth. H.  M.  S.  Minerva. 

Twin. 

3 

13  ft.  U  ins. 

13  ft.  3  ins. 

5  ft.  7$  ins.   (for  21  ft.  Tin. draft). 

6  ft.  6  ins. 
6  ft. 

3 

7  ft.  3  ins. 
75  ft. 

2 

Oval,  8  ft.  x  6  ft. 75  ft. 

378.  4 

458.  8 

Twin. 

3 
13  ft.  9  ins. 

17  ft.  8|  ins. 

5  ft.  3  ins.  (for  21  ft.  7  ins. draft). 

2 

1 

4 

(1  used  as  make    up   feed pump.) 

8 

aSce  Table  XXIV  for  list  of  auxiliary  machinery  used  during  ouch  trial. 

bPut  in  for  committee's  trial,  and  do  not  form  part  of  ship  a  machinery. 
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9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 
26 

27 

28 

29 

Duration  of  trial,  hours   

Closed  exhaust  or  open  exhaust  in  use   

Steam  jackets  in  use   

Water  delivered  from  main  engines  per  hour, 

pounds. 
Water  delivered  from  auxiliary  engines  per 

hour,  pounds. 

Water  drained  from  jackets  per  hour,  pounds. . 

Live  steam  used  for  heating  feed  water  per 

hour,  pounds. 

Total  water  used    by  machinery  per  hour. 

pounds. 
Mean  steam  pressure  by  gauge  on  H.  P.  valve 

chest,  pounds  per  square  inch. 

Corresponding     temperature     of     saturated 

steam,  Fahrenheit. 

Average  initial  pressure  of  steam  in  port  H.  P. 

cylinder  as  shown  by  indicator  diagrams, 

pounds  per  square  inch. 

Corresponding     temperature     of     saturated 

steam,  Fahrenheit. 

Mean  observed  temperature  in  port  H.  P.  valve 

chest,  Fahrenheit. 

Mean  vacuum  in  main  condensers,  by  gauge, 
inches. 

Mean  effective  pressure,  H.  P.  cylinder, pounds 

per  square  inch. 

Mean  effective  pressure,  I.  P.  cylinder,  pounds 

per  square  inch. 

Mean  effective  pressure, forward  L.  P.  cylin- 

der, pounds  per  square  inch. 

Mean  effective  pressure,  alt  L.  I',  cylinder, 
pounds  per  square  inch. 

Average  revolutions  of  main  engines  per  min- 
ute. 

Average  indicated  horsepower,  H.  P.  cylinder.. 

Average  indicated  horsepower,  I.  P.  cylinder. . 

Average  indicated  horsepower,  forward  L.  P. 

cylinder. 

Average  indicated  horsepower,  aft  L.  P.  cylin- 
der. 

Total  average  I.  II.  P.  per  set   

At  about  2,000  H.  P. 

Table  XXVI.— 

At  about 

5,000  H.  P. 

Minerva. Hyacinth. 

•j:> 

Minerva. 

18 

Open  Closed 

All 34, 064    1 

4,320 

608 

L.P. 

38, 362 

720 

61 

Open 
L.P. 

33, 173 

5,717 682 

38, 992 80 

323. 3° 
67.5 

314.0° 

322. 0° 

39, 082 

109 

343.3° 
102.3 

396.3° 

346.0° 

39, 572 

110 

343.9° 

104.3 

340.5° 

346.0° 

24 

Open 

All 

69,100 

6,863 

2,150 

78. 113 

138 

359.6° 

135.2 

358.1° 

Star. 

27.  - 

81.  12 

11.46 

1.67 

Port. star. 

Collective  average  I.  H.P   

Average  I.  II.  P.for  period  of  boiler  trial... 

Corresponding  pressure  on  L.  P.  piston  or  pis- 

tons, pounds  per  square  inch. 

Steam  used  by  main  engines,  per  I.  II.  P.  per 

hour,  pounds. 

Steam  used  by  auxiliary  engines,  per  l.  ll.  P. 

T>er  hour,  pounds. 

82.  9 

432 

320 

1, 104 

27.0 

27. 28 

10.56 

4.57 

84.0 

380 

334 

324 

26.  5 

40.98 

11.69 

9.17 

8.  59 

101.4 

Port. 

26.4 

35.26 

12.28 

8.94 

Star. 

26.5 

42.16 

12. 08 

8.81 

Port. 

101.7    100.6 

27 

26.4 

36.21 

12. 01 

99.0 

Star.    Port. 

26. 0 

42. 98 

21.32   20.02 

10.  17   10.73 

110.4    111.0 

246       259       252       248       s7i 
■J  1 7       241       209       976    l.Otfj 

237       235       211 196 

1,038    1.059    1.020    1,035       932    2.626    J 'J.  1  12 

2.142 

15.2 

1.Y90 

2. 02 

•J.  07'." 

•">.  155 

2,048 

5  i 

18,1 

1 
16.86 

13.40 
is.  15 

1 

1 2.  U 
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Engine  trials. 

At  about  5,000  H.  P. At  about  8,000  H.  P. Full  power. With  retard- ers  in  four 
boilers. 

Hyacinth. 
Minerva. 

Hyacinth. Hyacinth. 
Minerva. 

12 6 6 9 8 4 8 

84 

Closed Closed 
Open Open 

Closed 

Open Open Open 
L.P. None None 

All 
None None 

None 

All 

■ 
77,116 132, 622 

■ 
123, 051 167, 000 

70,835 

84, 303 83,006 

8,227 
17,867 

416, 286 

13,500 18, 605 
8,235 

1,142 
2,900 

  ■   

2,838 

85, 445 83,006 85, 943 153, 389 146, 286 136,551 185, 605 
81,908 

167 167 167 136 
194 

192 
220 

128 

373. 6° 
373. 6° 

373. 6° 358. 5° 
385. 1° 384. 3° 

395.  4° 
354.3° 

165.6 166.1 166.0 128.0 193.0 189.1 
219. 1 

122.4 

372.  9° 
373.1° 

373. 1° 
354.3° 

384. 7° 
383. 0° 

395. 0° 
351. 2° 

875.  i 
874.3° 374. 3° 345.  0° 

391.6° 
389. 1° 394. 1° 

Not  taken 

Star. Port.    Star. Port. Star. Port. Star. Port. Star. Port. 
Star. 

Port. Star. 
Port. Star. Port. 

26.8 26.0 27.0 26.3 27.0 26. 5 26.1 
26.4 

25.3 25.0 25. 8 25. 9 25.1 
24.0 26.3 26.6 

71.08 66.50 72. 83 67. 35 77.08 70.59 63.18 56.28 97.76 87.06 97.56 88.34 109. 45 100. 70 43.72 
38.21 

24.12 22.70 25.18 26.  59 28.74 27.17 
32.89 

37.95 34.42 38.46 38.75 44.40 22.23 19.73 

15.  12 14.77 14.97 14.52 13.  87 12.95 13. 13 13.51 21.59 21.52 18.  93 
18.41 24.09 24.24 8.  51 9.07 

14.64 14.53 13.60 

137.2 

18.35 12.39 

135. 4 

20. 14 

159.0 

20.78 

159.  7 

17.89 

157.8 

18.07 

157.4 
23.  66 

169.5 
28.  17 
171.9 136. 6 128.4 128.7 108.3 

Ids.  1 

718 772 720 
HIT) 

Til    1,345 
1,200 

1,210 
1.191 

1,088 

l    145 

1,348 

786 
•  ,ll 710 719  1,834 

1,81  l 
1,066 1,259 

1.  124 1 .  256 

1,384 

B91 
808 

557 541 818 177   1,428 
1.  188 

984 MO 
7*7 

l  in 

1,188 

77^ 

B29 

*71 

901 

7<i,-, 

773 1,099 
L,09fi 

2,512 2,  463 2, 531 
2, 428 

4,152 3,980 4,100 4,177 3,  902 

!     i  16S 

2,816 
4,976 8,1 

7,". 

10, 130 4,8 
8,182 im; 

in.  180 

f           16.58 16.42 

II   85 

1   0  . 
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Table  XXVI.— 

a 

o 

At  about  2,000  H 
.P. At  about 

5,000  H.  P. 

o Minerva. 
Hyacinth. 

Minerva. 

30 Steam  used  bv  jackets,  per  hour,  pounds   

Total  steam  used  by  engines,  per  I.  H.  P. 

per  hour,  pounds. 

Water  supplied  for  make-up,  per  I.  H.  P.  per 

hour,  pounds. 

Total  water  used  by  machinery,  per  I.  H. 

P.  per  hour,  pounds. 

Heat   supplied   to  main  engines,  including 

jackets,  above  assumed  exhaust  tempera- 

ture, per  minute,  B.  T.  U. 

Heat   supplied    to  main  engines,  including 

auxiliary  engines,  above  assumed  exhaust 

temperature,  per  minute,  B.  T.  U. 

Thermal  efficiencv  of  engines,  per  cent   

Thermal  efficiency  of  engines,  including  aux- 

iliary engines,  based  on  I.  H.  P.  of  main  en- 

gines, per  cent. 

Proportion  of  steam  supplied  to  engines  passed 

through  feed  heater  (approximate),  per  cent. 

Efficiency  of  comparative  standard  engines, 

per  cent. 

Efficiencv  ratio,  per  cent  . . 

0.28 0.35 0.35 0.42 

31 18.20 18.80 
20.12 15. 15 

32 0.20 0.51 0.51 
0.28 

33 
18.40 19.31 20.63 15.43 

ti 628,100 

706,440 

14.4 
12.8 

615,500 

720,800 

13.5 

11.5 

1,305,000 

1,431,000 

16.7 
15.3 

35 

36 

712,300 

37 

38 

12.3 

39 
23.0 

*       62. 7 

2.15 
2.09 

25.0 

54.0 
08 

5.48 

65.0 

1.74 

3.00 

-10 

41 

42 

Coal  used  per  I.  H.  P.,  per  hour,  pounds   

Make-up  water  per  1,000  H.  P.,  per  24  hours, 
tons. 

2. 

5.48 
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Engine  trials — Continued. 

At  about  5,000  B .  P. AW ibout  8,000  H.  P. Full  power. 
With  retard- ers  in  four 

boilers. 

Hyacinth". 
Minerva. 

Hyacinth. Hyacinth. 
Minerva. 

0.22 0.36 0.59 

17.00 16.68 17.34 18.86 a  16.  88             "16.73 

"17.14 
17.17 

0.26 0.26 0.26 0.35 0.51                 0.51 0.45 0.34 

17.26 16.94 17.60 19.21 17.  39                17.  24 17.59 17.51 

1,418,000 

1,580,000 

14.7 

13.3 

2, 480,  000 

2, 806, 000 

13.9 

12.3 

2-,  192,  000 

2, 432, 000 

15.1 

13.6 

2,  947, 000 • 

3,  276, 000 

14.6 

13.2 

1,350,000 

1,571,000 1,526,000 2,605,000 

1,5(K)'000 15.0 

13.6 13.9 13.4 13.5 

27.2 

54.0 

24.8 

56.2 

2.42 

3.73 

28.  3 

53.4 

28.7 

50.9 

2.11 
4.84 

25.4 

59.2 

1.84 
2.87 

1.84  for 1 1  hours. 1.98 

2.87 2.87 5.46 5.46 3.68 

"After  deducting  wetness  in  steam. 
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REPLY  OF  THE  MANUFACTURERS  OF  THE  BELLEVILLE  BOILER  TO  THE  ADMIRALTY  WATER- 

TUBE  BOILER  COMMITTEE'S  REPORT. 

St.  Denis  (Seine),  March  9,  1902. 
Sir:  We  have  the  honor  to  submit  to  your  notice  the  following  observations  which 

have  occurred  to  us  in  reading  the  recent  report  by  the  committee  on  water-tube 
boilers  on  the  trials  of  the  cruisers  Hyacinth  and  Minerva.  We  should  be  obliged  to 
you  if  you  would  kindly  place  these  observations  before  the  lords  commissioners  of 
the  Admiralty. 

Efficiency  of  the  boilers. — It  appears  to  us  of  the  greatest  importance,  in  view  of  the 
controversies  wThich  have  raged  in  print  on  the  subject  of  the  efficiency  of  Belleville 
boilers,  to,  in  the  first  place,  point  out  the  fact  that  the  committee  recognize  that 
these  boilers  show  greater  economy  than  the  boilers  under  comparison  with  them. 

The  figures  in  line  46,  47,  and  49  of  Table  XXV,  annexed  to  the  report,  leave  no 
doubt  on  this  point.     We  give  them  below: 

Table  XXV. 

Line  4G.  Thermal  efficiency  of  the  boilers: 

At  about  2,000  horsepower   

At  about  5,000  horsepower   

At  about  8,000  horsepower   

Line  47.  Actual  evaporation  per  pound  of  coal  under  the  conditions  of  the 
trial : 

A\  about  2,000  horsepower   

At  about  5,000  horsepower   

At  about  8,000  horsepower   

Line  49.  Equivalent  evaporation  (per  pound  of  coal)  at  a  steam  and  water 

temperature  of  212°  F: 
At  about  2,000  horsepower   

At  about  5,000  horsepower   

At  about  8,000  horsepower   

Minerva. 
Hyacinth. 

69.7 
77.2 

ft 71.8 
61.4 73.3 

8.56 

9.65 8.84 9.33 
7.93 

9.39 

10.26 

1 1 .  H 

10.33 

11 9.27 
11.03 

The  report  summarizes  these  observations  in  the  following  words  (page  8,  line  35): 

"The  thermal  efficiency  of  the  Hyacinth's  boilers  was  in  each  case  greater  than  that 
of  the  Minerva's  at  the  same  power,  and  the  evaporation  per  pound  of  coal  from  and 
at  212°  varied,  of  course,  in  the  same  way.  The  difference  is  considerable  at  2,000 

horsepower,  small  at  5,000  horsepower,  and  very  great  at  8,000  horsepower." 
With  the  object  of  lessening  this  inequality  in  results,  and  in  order  to  better  regulate 

the  quantity  of  air  passed  through  the  fires  in  the  Minerva,  the  committee  had  spirals 
of  thin  sheet  iron  (called  retarders)  inserted  in  the  boiler  tubes. 
The  result,  it  is  true,  was  somewhat  better,  but  it  was  not  equal  to  that  obtained 

on  the  Hyacinth,  as  stated  in  the  report.  The  results  on  the  Minerva,  with  retarders. 
are  still  notably  inferior  to  those  obtained  on  the  Hyacinth,  as  the  following  figures 
extracted  from  Table  XXV  show: 

Table  XXV. 

Line  46.  Thermal  efficiency  of  boiler   per  cent  -  - 

Line  47.  Actual  evaporation  per  pound  of  coal   pounds. 

Line  49.  Equivalent  evaporation  from  and  at  212°  F   do   

'i  With  retarders. 
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It  may  here  be  remarked  that  the.se  retarders  are  probably  not  unconnected 

with  the  choking  of  the  ferrules  with  which  the  back  ends  of  the  Minerva's  tubes 
are  fitted,  and  of  which  mention  will  be  made  further  on.  As  a  matter  of  fact,  the 

committee  does  not  state  whether  similar  obstructions  have  been  experienced  during 

voyages  of  the  Minerva  prior  to  the  use  of  these  retarders. 

While  these  retarders  increased  the  efficiency  of  the  Minerva's  boilers,  without, 

however,  making  it  equal  to  the  efficiency  of  the  Hyacinth's,  this  relative  improve- 
ment seems  to  have  been  gained  only  at  the  expense  of  an  inconvenience  elsewhere. 

Calorimetric  texts  (dryness  of  steam) . — Before  leaving  this  question  of  efficiency  it 
will  be  well  to  say  a  few  words  about  calorimetric  measurements,  made  on  the  two 

cruisers  during  the  trials,  in  order  to  ascertain  the  wetness  of  the  steam. 

The  report  shows  that,  from  measurements  made  by  a  Carpenter  calorimeter  on 

the  Hyacinth  at  less  than  8,000  horsepower,  the  wetness  was  so  small  that  its  average 

value  was  negligible  (page  10,  line  60 ) ,  but  that  when  the  horsepower  was  between  8,000 

and  10,000  the  proportion  of  water  indicated  by  the  apparatus  as  contained  in  the 

steam  was  4.7  per  cent  and  6.4,  respectively  (ib.,  line  63).  On  the  Minerva,  on  the 
contrary,  the  steam  at  these  different  horsepowers  was  found  to  be  practically  dry. 

Asa  general  rule,  calorimetric  observations  are  of  an  extremely  delicate  nature, 

but  one  may  be  certain  that  the  readings  of  the  instrument  give  results  here  which 
can  not  be  correct. 

In  the  first  place,  different  positions  were  chosen  in  the  Minerva  and  Hyacinth  for 
making  the  connections  between  the  calorimeter  and  the  steam  to  be  tested.  In  the 

Minerva  the  calorimeter  (page  6,  line  14)  was  connected  to  the  steam  pipe  between 

the  regulating  valve  and  the  horsepower  valve  chest  of  the  port  main  engines;  in  the 

Hyacinth  it  was  connected  to  the  steam  pipes  in  No.  5  stokehold  on  the  boiler  side 

of  the  separator.  To  render  the  results  comparable  it  would  have  been  necessary 

in  the  Hyacinth  to  make  the  connection  near  the  high  pressure  valve  chest,  as  was 
done  hi  the  Minerva,  for  it  is  there  only  that  the  steam,  purified  in  the  separator 

and  "wire-drawn"  in  the  reducing  valve,  is  in  the  condition  in  which  it  is  used  in 
the  engines.  The  calorimeter  test  of  the  steam  in  the  Hyacinth  was  therefore  made 

under  decidedly  unfavorable  conditions. 
.Moreover,  there  is  a  contradiction  between  the  statement  that  the  steam  in  the 

Hyacinth  showed  more  wetness  at  powers  between  8,000  and  10,000  horsepower,  and 

the  fact  that  these  very  horsepowers  are  the  only  ones  at  which  the  Hyacinth's 
engines  showed  greater  efficiency  than  those  of  the  Minerva.  This  fact  would  be 

inexplicable  if  the  amount  of  water  carried  over  from  the  Hyacinth' 8  boilers  during 
the  trials  did  in  fact  attain  the  proportions  indicated  by  the  calorimeter,  for  it  is  welJ 

known  that,  on  the  contrary,  the  efficiency  of  the  engines  very  sensibly  diminishes 
in  proportion  as  the  steam  is  wetter. 

In  short,  Table  XXVI  proves  more  clearly  still,  if  it  is  possible,  that  the  quality 

of  the  steam  of  the  Hyacinth's  Belleville  boilers  at  horsepowers  of  from  8,000  to  10,000 

ia  not  inferior  to  thai  of  tin;  Minerva's  boilers.     This  table  allows  of  the  comparison, as 
rds  the  two  vc  sels, of  the  temperature  corresponding  to  the  pressure  in  the  valve 

chest  of  the  horsepower  cylinder  and  the  tempt -rati  ire  actually  observed  in  this  chest. 
These  are  the  figures  given  in  lines  9,  10,  and  13  of  Table  XXVI.  First,  for  the 

Minerva: 

Line  9.   Mean  pressure  by  gauge  on  the  horsepov*  er  valve  chest     L 36  pounds. 
Line  10.  I  ending  temperature  of  saturated  steam    i    I 
Line  13.  Mean  observed  temperature  in  horsepower  valve  chesl    I 
Fall  of  temperature       IS 

ra 
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And  the  following  are  the  figures  for  the  Hyacinth 

8, 000  H.  P.  with 

exhaust — 
Closed.      Open. 

10.000 
H.  P.  with 
exhaust 
closed. 

Line   9.  Mean  pressure  by  gauge  in  horsepower  valve  chest   pounds.. 

Line  10.  Corresponding  temperature  of  saturated  steam   degrees. . 

Line  13.  Mean  observed  temperature  in  high  pressure  valve  chest,  .do   

194 

385. 1 

391.6 

192 

384.3 

389.1 

220 

395.4 

394.1 

Excess  of  temperature   do   6.5 u 
Fall  of  temperature   do   

1.3 

Therefore  in  the  Minerva,  with  8,000  horsepower,  the  thermometer  indicates  a 

fall  of  temperature  of  13.5°,  as  compared  with  the  temperature  corresponding  to  the 
gauge  pressure,  while  in  the  Hyacinth,  at  10,000  horsepower,  this  difference  is  only 

1.3°,  and  at  8,000  horsepower  there  is,  on  the  contrary,  a  gain  of  4.8°  and  6.5°.  The 
figures  for  the  Hyacinth  given  in  this  table  undoubtedly  show  the  steam  to  be  per- 

fectly dry,  which  is  entirely  in  agreement  with  the  greater  efficiency  of  the  engines 
at  that  horsepower. 

Losses  of  water. — The  report  (p.  11,  line  14  et  seq.)  contains  the  following  remarks 
on  the  question  of  loss  of  water: 

"The  loss  of  steam  through  leaks  in  boilers,  steam  pipes,  engine  stuffing  boxes,  etc., 
is  given  in  Table  XXVI,  line  42.  It  is,  of  course,  impossible  to  apportion  the  Losses 

their  various  causes,  but  the  results  of  the  Gibraltar  runs  lead  us  to  look  upon  leaks 

at  the  boilers  as  being  responsible  for  any  abnormal  increase  in  these  losses.  On  the 

three  progressive  trials  of  the  Minerva  the  total  losses  were  represented  by  2.1,  3.  and 

3.7  tons  of  water  per  1,000  horsepower  per  twenty-four  houi>.  lively.     In  the 
Saxonla  the  figure  was  2.76  tons.  In  the  Hyacinth  they  were  5.5,  2.9,  and  5.5  t 

respectively,  and  4.8  tons  at  10,000  horsepower.  The  irregularities  here  no  doubt 

depend  mainly  on  the  actual  tightness  of  the  boiler  joints  during  the  runs.  At 

5,000  horsepower  the  Hya cii ith'a  losses  came  out  very  well,  and  slightly  less  than 
those  of  the  Minerva  at  the  same  power;  at  the  other  powers,  both  lower  and 

higher,  they  were  very  much  greater,  and  it  was  found  later  on,  during  the  Gib- 

raltar runs,  that  on  trials  of  greater  duration  they  become  most  serious." 
Thus,  during  the  trial  at  5,000  horsepower  the  losses  of  water  are  a  little  less 

the  Hyacinth  than  in  the  Minerva;  during  the  trials  at  2.000  and  8,000  horsepower 

the  losses  are  greater;  on  the  runs  to  Gibraltar  the  losses  are  much  more  serious. 

Attempt  was  made  at  Gibraltar,  and  again  at  Portsmouth,  to  discover  the  nature 

of  the  leaks  which  occasioned  these  losses;  it  does  not,  however,  appear  to  have 

been  clearly  recognized  at  first.  On  the  voyage  out  to  Gibraltar  a  sudden  slacken- 
ing of  speed,  due  to  fog,  had  resulted  in  greater  losses,  and  it  was  supposed  that  the 

cause  might  be  the  increase  of  pressure.  On  a  special  run  over  a  free  route,  made 

during  the  stay  at  Gibraltar,  the  same  conditions  of  sudden  slowing  down  were  vol- 
untarily reproduced,  with  the  result  that  the  safety  valves  blew  freely,  but  the  t< 

made  did  not  show  any  appreciable  difference  between  the  amount  of  water  lost 
before  and  after  the  slowing  down  (p.  18,  line  50).  The  importance  of  tin 

therefore,  had  no  visible  connection  either  with  the  speed  of  the  engines  or  with  the 

pressure  in  the  boilers,  and  the  question  seemed  involved  in  a  certain  mystery, 
which  has  been  exploited  to  the  detriment  of  Belleville  boilers  in  the  polemics 

which  the  Hyacinth  and  Minerva  trials  gave  rise.  The  question  is  now  clearly  eluci- 

dated by  the  experiments  made  with  two  of  the  Hyacinth's  boilers  at  Devonport  in 
December,  1901.  The  losses  of  water  were  measured  with  these  boilers,  at  first  in 

the  same  state  in  which  they  were  at  the  time  ̂ i  the  return  of  this  cruiser  from  5 
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service.  These  measurements  were  made  during  six  Consecutive  periods  of  twenty- 
four  hours  each.  The  examination  of  the  boilers  showed  that  the  losses  were  due 

exclusively  to  leaks  in  the  joints  of  the  hand-hole  doors  of  the  junction  boxes,  the 
faces  of  which  did  not  bear  truly  against  each  other,  while  the  asbestus  rings  were 
of  irregular  thickness  and  defective  composition.  The  joints  were  remade  under 
more  normal  conditions,  and  in  a  new  trial,  covering,  like  the  former,  a  period  of  six 

times  twenty-four  hours,  it  was  found  that  the  loss  had  been  reduced  to  less  than 
one-tenth  of  its  former  amount. 

The  question  was  thus  reduced  to  its  true  proportions  and  placed  on  its  proper 
footing.  We  now  know  which  were  the  leaky  joints,  and  what  steps  are  necessary 
to  avoid  such  leakage.  It  is  at  present  purely  a  question  of  practice,  the  solution  of 
which  will  daily  become  more  certain  and  more  easy  in  proportion  as  the  staff, 
whose  attention  is  now  awakened  in  the  right  direction,  acquire  more  experience, 
and  the  materials  prepared  for  the  joints  are  better  fitted  for  their  purpose. 

This  elucidation,  the  result  of  the  Devonport  experiments,  makes  it  easy  to  under- 
stand why  the  question  of  losses  of  water  with  Belleville  boilers  has  arisen  in  no 

other  navy,  although  everyday  ships  of  all  sorts  fitted  with  Belleville  boilers  accom- 
plish, on  every  sea,  voyages  which  are  much  longer  than  the  run  from  Portsmouth 

to  Gibraltar,  thereby  proving  that,  contrary  to  the  opinion  of  the  committee  (p.  23, 
line  39),  water  leakage  is  not  inherent  in  the  very  design  of  these  boilers. 

It  is  equally  well  known  that  it  has  not  been  judged  necessary,  in  any  navy  in 
which  Belleville  boilers  are  used,  to  take  any  special  precautions  on  their  account, 

either  as  regards  the  supply  or  the  production  of  fresh  water.  In  France,  for  exam- 
ple, the  apparatus  fitted  for  producing  fresh  water  is  calculated  on  the  same  base  (4 

tons  of  water  per  twenty-four  hours  per  1,000  horsepower),  whether  the  boilers  in 
question  are  Belleville,  water-tube  of  other  types,  or  cylindrical. 

These  plain  facts  and  results  of  multiple  and  prolonged  experiments  over  so  many 
fields  of  action  ought  in  justice  to  be  taken  into  consideration.  They  admit  of  the 
conclusion  that  the  losses  of  water  experienced  during  the  voyages  to  Gibraltar  are 

due  to  causes  practically  avoidable,  and  that  there  are  no  grounds  for  drawing  there- 
from the  general  consequences  the  committee  have  thought  it  their  duty  to  deduce. 

The  ships  of  all  classes  and  all  nationalities  which  navigate  on  far-distant  stations, 
the  mail  steamers  which  are  daily  plying  on  the  South  American  lines  as  well  as 

those  of  Australia  and  the  Far  East,  undoubtedly  prove  that  the  tightness  of  Belle- 
ville boilers  on  the  longest  runs  and  the  most  prolonged  and  rapid  voyages  is  a  prac- 
tical and  certain  fact. 

Radius  of  action. — This  question  of  water  loss,  which,  in  spite  of  the  numerous  and 
well-kown  facts  which  we  have  just  mentioned,  is  treated  in  the  report  as  inherent 

in  this  design  of  boilers,  led  the  committee  to  conclude  that  the  Hyacinth's  radius  of 
action  was  limited,  not  by  her  coal  consumption,  but  by  her  consumption  of  water. 

But  water  lose  in  an  abnormal  condition,  and  may  be  avoided;  we  have  just  demon- 
strated this,  and  there  is  no  need  to  go  over  the  ground  again.  Consequently  in 

order  to  ascertain  the  true  radius  of  act  ion  of  the  Hyacinth,  or  of  a  similar  ship  fitted 

with  Belleville  boilers,  il  i-  necessary  to  consider  what  this  radius  should  be,  having 
rd  to  the  relationship  between  the  amount  of  coal  consumed  and  the  coal  capao* 

i  the  hunker-,  eliminating,  as  Ear  as  possible,  all  factor.-  not  connected  with  the 
boilers,  wince  it  i-  the  question  of  hoi  lei.-  alone  which  is  here  under  discussion. 

But  l<-t  ns  take  first  the  bare  figures  given  in  the  report:  The  Minerva,  *i  7,000 
borsepowei  540  miles  and  burned  97'  konsol  coal  (p.  17,  lines  30  and  81). 
The  Hyacinth  ran  1,810  miles  and  burned  676  tons  of  coal  (p.  16,  lines  68  and 
Such  an-  the  material  fact  - 

On  comparing  the*  if  will  be  seen  that  the  Hyacinth,  by  burning  the  same 

quantity  ol  coal  ai  the  Minerva    namely,  977  tons    would  nave  run — 

2,616  miles. 
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Therefore,  comparing  the  radii  of  action  corresponding  to  the  same  amount  of  coal 

burnt,  the  Mim  rva  lias  an  advantage  of  only  24  miles  over  the  Hyacinth — that  is  to 
say,  less  than  1  per  cent.  This  difference  is  almost  insignificant  in  itself,  but  we 

shall  see  that  if  the  two  types  of  boilers  had  been  fitted  in  conjunction  with  engines 
and  hulls  of  the  same  efficiency,  all  the  advantage  would  then  have  been  with  the 

Hyacinth's  boilers,  and  would  be  proportionately  greater.  As  a  matter  of  fact,  it  is 
found  that  the  efficiencies  of  the  engines  and  hull  of  the  Hyacinth  were  actually  such 

as  to  diminish  the  radius  of  action  of  this  cruiser  in  comparison  with  that  of  the 
Minerva. 

As  far  as  the  main  engines  are  concerned,  the  report  shows  that  the  thermal  effi- 
ciency was  greater  in  the  Minerva  than  in  the  Hyacinth  (16.7  per  cent  instead  of  15.1 

per  cent,  page  13,  line  34). 

This  is  a  difference  of  10  per  cent  to  the  detriment  of  the  Hyacinth,  which,  all 
other  things  being  equal,  would  have  had  her  radius  of  action  increased  in  the  same 

proportion  if  the  same  power  had  given  the  ship  the  same  speed.  But  the  influence 

of  the  hull  here  again  makes  itself  felt,  for  at  the  same  powers  the  Hyacinth  developed 

less  speed  than  the  Minerva,  and  this  difference  was  very  considerable. 

The  report  (page  18,  line  22  et  seq.)  gives  the  folloAving  important  information  on 
this  subject: 

"In  reference  to  the  speed  of  the  two  ships,  it  was  seen  from  the  start,  both  ves- 
sels working  at  the  same  power,  that  the  Minerva  was  the  faster  vessel.  This  result, 

however,  to  whatever  cause  it  may  be  due,  had  nothing  to  do  with  the  question  under 

consideration  by  the  committee,  and  is  in  accordance  with  the  contractor's  trials,  of 
which  all  the  figures  (a  summary  is  given  below)  have  been  before  the  Admiralty 
for  some  time: 

Horse- 

|   power. 

Speed. 

power. 

ed. 

Hvacinth   
2,146 

7,678 10,447 

Knots. 
12. 10 

17.34 
19.40 

Minerva    

4,919 
B.216 

9,902 

Ki 

17.88 

19.60 

20.34 

"These  figures  appear  to  be  also  in  entire  agreement,  so  tar  as  the  Hyacinth  is  con- 

cerned, with  the  results  of  the  special  trials  of  that  ship  made  in  Stokes  Bay  in  1900.'' 
Therefore  the  Minerva  was  faster  at  4,919  horsepower  than  the  Hyacinth  at  7,678 

horsepower,  17.52  instead  of  17.34. 

Is  it  not  strictly  equitable,  in  orderto  strike  a  fair  comparison,  from  the  boiler  point 

of  view  only,  that  allowances  should  be  made  for  elements  whose  influence 
considerable? 

We  do  not  insist  on  the  fact  that  the  Hyacinth  had  at  her  disposal  on  the  run  to 

Gibraltar  only  968  tons  of  coal,  while  the  Minerva  had  1,016  tons  in  her  bunkers,  i.  e.. 
48  tons,  or  5  per  cent  more  (page  15,  line  48). 

If  the  two  ships  had  been  obliged  to  use  all  their  coal  the  Minerva's  radius  of  action 
would  then  have  apparently  been  increased  by  5  per  cent,  and  in  fact  the  Mini 

trial  was  closed  before  her  coal  was  exhausted,  but  after  she  had  already  burnt  977 

tons,  or  more  coal  than  the  Hyacinth  had  in  her  bunkers  at  the  start.  The  conclu- 
sion drawn  from  the  comparison  of  the  radii  of  action  of  the  two  ships  was.  on  this 

account,  rendered  misleading  at  the  outset,  for  the  object  (4  the  trial  was  to  compare 

the  powers  of  the  boilers  and  not  the  bunker  capacities  oi  the  two  ship-. 
In  short,  the  gross  results  of  the  Gibraltar  run,  at  7,000  horsepower,  make  out  the 

Hyacinth's  radius  of  action  to  be  1  percent  less  than  the  Miner  a's,  while  if  these 
results  are  looked  at  from  the  boiler  point  of  view  only,  and  allowance  is  mad< 

the  fact  that  the  Belleville  boilers  were  being  used  with  less  efficient  engines,  a 
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slower  hull,  and  a  smaller  bunker  capacity,  it  is  found  that  the  advantage  is  very 

greatly  in  their  favor. 

choking  of  ferrules  of  the  Minerva's  tubes. — The  inferiority  of  the  Minerva's  I  toilers, 
from  the  point  of  view  of  radius  of  action,  was  not  only  due  to  their  large  coal  con- 

sumption, in  spite  of  the  use  of  retarders,  but  also  to  the  gradual  choking  of  the  fer- 

rules of  the  tubes  by  "bird-nesting,"  which  was  in  all  probability  encouraged  by 
retarders  being  used. 

Indeed,  the  committee  state  (page  17,  line  50  etseq. )  that  in  order  to  maintain  the 

7,000  horsepower  on  the  Minerva  it  was  necessary  to  gradually  increase  the  air  pres- 
sure to  six  times  its  former  amount  (1.50  inches  instead  of  0.25  inch)  because  of 

the  gradual  choking  of  the  ferrules,  and  even  with  that  during  the  last  seven  hours 

of  the  trial  the  power  could  not  be  fully  maintained.  "The  openings  in  the  ferrules 
were  found,  on  examination  at  Gibraltar,  to  be  choked  up  across  half  or  three-quarters 
of  their  area  by  a  thick,  hard,  brown  slag,  which  also  coated  the  surface  of  the  tube 

plates,  and  which  was  not  removed  until  access  was  gained,  after  cooling,  to  the  com- 

bustion chambers"  (page  18,  line  3). 
This  circumstance  shortened  the  duration  of  the  trial,  although  the  Minerva  had 

still  39  tons  of  coal  in  her  bunkers  (page  17,  line  58). 

Chokings  of  a  similar  nature  also  took  place  on  the  run  home,  and  on  arrival  at 

Portsmouth  (page  23,  line  51)  the  ferrules  in  all  the  boilers  were  found  partially 

eloeed  with  "bird's-nesting"  similar  to  that  found  at  Gibraltar,  though  not  so  badly, 
on  account  of  the  lesser  duration  of  the  run. 

The  committee  (page  18,  line  15)  state  their  opinion  that  in  practice  the  obstruc- 
tion- would  not  have  appreciably  delayed  the  ship  beyond  the  time  necessary  for 

coaling.  We  may,  however,  be  permitted  to  point  out  that  the  Minerva  (page  19, 

line  10)  arrived  at  Gibraltar  during  the  night  of  July  12-13,  at  12.30,  and  that  it  was 

not  until  the  forenoon  of  the  14th  (ib.,  line  13) — that  is,  more  than  twenty-four  hours 
afterwards — that  the  boilers  were  sufficiently  cool  for  men  to  work  in  the  combus- 

tion chambers  and  to  commence  to  remove  the  deposits  adhering  to  the  tube  plates' 
and  ferrules. 

The  time  -pout  on  cleaning  these  parts  is  not  stated,  but  considering  the  adhesive 
nature  of  the  deposits  and  the  fact  that  they  were  not  confined  to  the  ferrules,  but 

ided  over  the  whole  surface  of  the  tube  plates  (page  18,  line  5),  the  total  time 
Occupied  in  cooling  the  boilers  and  in  cleaning  was  certainly  much  greater  than  that 

to  which,  in  case  of  necessity,  a  ship  of  war  can  reduce  the  time  required  for  coaling. 

In  Bhort,  the  obstructions  were,  after  only  one  hundred  and  fifty  hours'  steaming, 
sufficiently  serious  to  prevent   the  power  from  being  maintained,  and  to  necessitate 

bandonment  of  the  trial  while  the  ship  still  had  coal  available  in  her  hunkers. 

These  facts  bring  to  light  a  serious  fault  as  regards  the  Minerva,  for,  in  practice,  ships 
ir  or  commerce  have  frequently  to  make  rims  of  much  longer  duration  than  one 

hundred  and  fifty  hour-. 
culalion  and  water  levels.  During  the  run  home  from  Gibraltar  a  tube  burst  in 

oil'-  of  the  18  boilers  of  tin-  Hyacinth.  The  report,  in  touching  on  this,  reiterates  the 
apprehensions  and  criticisms  already  formulated  in  the  interim  report  of  February  19, 

1901  on  the  un  trust  worthiness  of  the  water-gauge  indications  and  the  defective  circu- 

lation, which,  in  the  opinion  of  tin-  committee,  are  the  characteristic  featun 
Belleville  boilers. 

For  our  part,  \\<-  tan  only  repeat  the  observations  on  these  points  we  had  the 
honor  <<i  laying  l>efore  the  Admiralty  in  our  letter  "f  March  28,  1901.    The  fact  that 
a  tube  burst  during  the  trial  in  question  can  not  nullify  the  results  obtained  every 

vith  the  innumerable  Belleville  boilers  which  are  in  use  on  cvci  \  sea,  beneath 

the  flags  of  all  maritime  nati< 

After  all,  there  is  no  type  of  watei  tube  or  cylindrical  boiler  in  <  i   which, 
bavinu  l>een  in  u  durable  extent  and  f. >r   am  Icnirtli  ■  ■!  time    ban  not 
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occasionally  met  with  accidents  to  its  tubes  similar  to  that  which  happened  in  the 

Hyacinth. 
The  coming  down  of  furnace  crowns  in  cylindrical  boilers  is  far  from  being  an 

infrequent  occurrence,  and  the  consequences  are  generally  very  serious  indeed. 
There  are,  therefore,  no  grounds  for  drawing  conclusions  adverse  to  the  Belleville 

type  alone  from  an  accident  to  which  all  types  of  boilers  are  exposed.  The  diversity 
of  uses  to  which  this  boiler  can  be  put,  its  well-established  position,  and  extensive 
use  present,  on  the  contrary,  guaranties  that  few  other  designs  can  offer  to  the  same 
degree. 

Weight  and  space. — The  report  (p.  14,  line  3  et  seq. )  states  that  "the  net  space 
occupied  by  the  main  and  auxiliary  engines  and  evaporating  plant  in  the  Hyacinth 
is  28,200  cubic  feet  (798.5  cubic  meters),  and  in  the  Minerva  29,240  cubic  feet  (828 
cubic  meters).  Taking  these  figures  in  connection  with  the  maximum  horsepower 

measured  on  any  of  the  committee's  trials  over  a  period  of  several  hours  (10,180  and 
8,657  horsepower,  respectively),  they  amount  to  2.8  and  3.4  cubic  feet  (79  con 
decimal  and  96  cubic  decimal)  in  the  Hyacinth  and  Minerva,  respectively. 

"The  weights  of  the  boilers  with  funnels  and  water,  and  the  whole  of  the  boiler- 
room  weights  generally,  are  453.8  and  557.4  tons  in  the  Hyacinth  and  Minerva,  respec- 

tively. Worked  out  in  the  same  horsepower  as  in  the  last  paragraph,  the  figures 

come  to  22.4  and  15.5  horsepower  per  ton  of  boiler  weights." 
The  difference  in  weight  for  the  complete  groups  of  boilers  is  therefore  103.6  tons — 

i.  e.,  the  Minerva's  boilers  weigh  22.8  per  cent  more  than  those  of  the  Hyacinth's — 
and  comparing  the  maximum  powers  realizable  per  ton  of  boiler  weight  it  is  seen 

that  the  Hyacinth's  boilers  can  develop  44  per  cent  more  powrer  than  the  Minerva*^ 
These  differences  are  considerable. 

The  committee  are  of  opinion  that  this  advantage  is  illusory,  and  that  the 
economies  realized  may  be  more  than  counterbalanced  by  additional  weight  of  coal 

and  wrater  necessary  (p.  14,  line  18).  But  we  have  already  pointed  out  that  diffi- 
culties in  regard  to  loss  of  water  have  arisen  in  no  other  navy,  nor  has  it  been  con- 
sidered necessary  to  provide  for  greater  water  reserve  for  Belleville  boilers  than  for 

any  other  type.  We  have,  likewise,  shown  that  according  to  these  very  results 
obtained  by  the  committee  Belleville  boilers  possess  incontestable  advantages  from 
the  point  of  view  of  efficiency,  and  can  not  therefore  themselves  be  the  Cause  fcf 
increasing  the  coal  supply.  The  important  economies  of  weight  and  space  shown 
by  them  stand  to  their  credit,  therefore,  as  an  incontestable  advantage. 

In  conclusion,  we  beg  to  be  allowed  to  point  out  that  since  the  preliminary  report 
of  the  committee  was  published,  in  February,  1901,  a  whole  year  has  elapsed,  during 
which  time,  taking  the  British  navy  alone,  about  15  large  ships  fitted  with  Belleville 
boilers  have  been  added  to  the  service,  and  20  others  have  been  kept  in  commission 
in  distant  seas  or  in  active  squadrons.  The  increasing  use  of  these  boilers  appeal! 
to  us  not  to  confirm  the  fears  of  the  committee,  but,  on  the  contrary,  to  show  that 
in  the  British  fleet,  as  in  all  others,  these  boilers  daily  justify  more  and  more  the 
confidence  reposed  in  them.  And  to  mention  only  the  earlier  cases  in  which  these 
boilers  have  been  fitted  by  the  Admiralty,  the  cruises  of  the  Powerful,  and  the  trials 
carried  out  some  months  back  by  the  Terrible,  have  shown  that  Belleville  boilers, 

after  six  years  of  use  on  board,  and  after  long  cruises  in  distant  seas,  are  always 
capable  of  rendering  the  best  and  most  reliable  service,  and  have  lost  nothingol 
their  power  and  usefulness. 

We  have,  etc., 

Delaunay,  Belleville  &  Co. 
Sir  Evan  Macgregor, 

Admiralty,  London,  S.   W. 



IV. 

NOTES  ON  ELECTRICITY. 

By  Lieutenant  Charles  L.  Poor,  United  States  Navy, 

Staff  Intelligence  Officer. 

Since  the  publication  of  the  last  Notes  on  Electricity  in  No.  XX, 

Jul}- ,  1900,  there  has  been  a  general  and  striking  extension  of  the  use 
of  electricity  in  foreign  navies,  and  even  the  more  conservative  foreign 
naval  authorities  are  adopting  it  for  their  new  vessels  and  are  fitting 
better  and  more  extensive  installations  in  the  old.  The  tendency 
everywhere  seems  to  be  toward  the  perfection  and  enlargement  of 
existing  appliances,  rather  than  to  the  production  of  new  ones,  and 
few,  if  any,  inventions  of  permanent  practical  value  are  to  be  noted. 
Electricians  in  general  are  so  busy  with  the  great  commercial  problems 
of  power  supply  and  transmission  and  with  lighting  on  a  vast  scale, 
that  they  have  given  little  thought  to  the  strictly  limited  field  of  naval 
requirements.  The  notable  progress  and  inventions  have  been  in  the 
matter  of  wireless  telegraphy,  the  Nernst  lamp,  the  Edison  storage 

battery,  and  the  use  of  polyphase  currents.  The  progress  of  wire- 
less telegraphy  has  been  so  great  and  of  such  importance  to  naval 

warfare  that  it  will  be  treated  separately.  The  Nernst  lamp,  though 
it  promises  much  in  economy,  is  too  sensitive  to  vibration,  and  the 
glower  delays  its  action  too  long  for  use  on  board  ship.  Accumula- 

tors are  little  used  aboard  ship,  for  they  are  heavy,  troublesome,  take 

up  much  room,  and  an;  atl'ected  by  vibrations,  and  the  fumes  from 
them  are  objectionable.  As  applied  to  small  launches  and  gigs  they 
have  not  proved  ;i  success,  though  the  German  navy  lias  used  them  to 

limited  extent.     The  new  nickel  oxide  battery  of  Kdison  is  so  inneli 

lighter,  however,  than  former  ceils,  that  its  employment  would  modify 

oik',  of  tin-  moM  serious  disadvantages  of  the  storage  battery.     It  is 
it  ill  too  expensive  for  general  use. 

The  use  of  alternating  current  on  shipboard  has  been  proposed  from 
time  to  time  and  the  various  advanfc         tnd  disadvantages  stated  in 
the  technical  press,  but  the  latter  seem  i<>  bo  outweigh  the  former 
that  the  Austrian  navy  alone  has  attempted  anj  trial  of  it,  and  thai 

m 
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without  success.  On  board  the  coast-defense  vessels  Budapest,  Wten, 
and  Monarch,  triphase  alternators  were  installed  for  general  service  j 

and  continuous  current  d}Tnamos  for  the  searchlights  only.  While  i 
the  installation  was  being  completed  the  officials  were  compelled  to 

abandon  the  use  of  the  triphase  current  for  most  of  the  apparatus  and 
to  increase  the  use  of  the  continuous  current.  To  such  an  extent  was 

this  done  that  finally  the  triphase  current  was  used  only  for  lighting  and 

some  motors  whose  speed  could  be  kept  approximately  constant,  such 

as  ventilators,  pumps,  etc.  So  complicated  was  the  double  wiring 
that  upon  more  recent  vessels  continuous  current  alone  has  been 
resorted  to. 

There  has  been  a  general  tendency  lately  toward  increased  voltages. 
At  the  time  that  electricity  was  first  employed  upon  men  of  war.  its 

only  use  was  for  lighting  and  searchlights.  For  these  purposes  a 

compromise  voltage  of  80  volts  was  adopted.  This  has  served  very 

well  for  a  number  of  years,  but  the  increasing  use  of  electrical  power 

has  made  necessary  very  heavy  leading  wires,  which  are  more  liable 

to  damage  in  action,  harder  to  install,  and  more  liable  to  injury  if  the 
bulkheads  should  be  deformed. 

The  demands  in  respect  to  voltage  vary  so  much  for  the  different 

uses  of  the  current  that  it  is  difficult  to  select  a  compromise  that  will 

best  serve  all.  For  projectors  a  voltage  not  in  excess  of  80  is  desir- 
able. Greater  voltages  require  an  increase  in  the  choking  power  of 

the  rheostat  and  a  consequent  loss  of  energy.  For  electric  light>.  gen- 
eral practice  ashore  and  in  the  merchant  marine  afloat  has  decreed  110 

volts  to  be  suitable.  Greater  voltage  is  possible,  but  as  the  fragility 

of  the. lamp  varies  as  the  square  of  the  voltage,  we  would  very  soon 

have  a  lamp  unsuited  for  the  shocks  undergone  in  a  vessel.  For 

motors  of  course  the  higher  voltages  are  most  advisable,  and  we  obtain 
much  better  results,  at  the  same  time  reducing  greatly  the  size  and 
weight  of  the  leads.  But  hero  we  are  confronted  by  the  difficulties  of 

careful  insulation  aboard  ships,  and  while  it  is  possible  to  carry  250 

volts,  yet  it  would  seem  that  200  volts  would  be  a  safe  working  limit. 
For  a  while  this  difficulty  was  solved  in  some  navies  by  having  a  double 

installation — one  for  the  general  service,  the  other  for  the  turret- 
operating  service.  For  example,  on  the  Jaureguiberry,  of  the  French 
navy,  the  main  current  was  at  80  volts,  while  the  turret  circuit  was  at 

160.  The  complications  and  disadvantages  of  this  system  have  caused 

it  to  be  abandoned  in  all  new  vessels.  To-day  the  general  practice  is 
to  employ  a  single  voltage,  and  the  following  increased  voltages  have 

been  adopted  by  the  various  navies:  France,  120  volts  (for  the  new 

battleships);  Russia,  110-120  volts:  Germany,  120  volts:  Italy.  L10 
volts;  Great  Britain  and  Japan,  which  are  conservative  in  electrical 

matters,  retain  their  voltage  at  80. 

The  British  Admiralty  has,  however,  taken  a  decided  step  in  advance 
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in  electricity,  and  in  the  new  armored  cruiser  Hogue  has  installed  a 

very  complete  system  for  the  electrical  operation  of  all  of  the  auxilia- 
ries. A  corps  of  electricians  has  been  formed,  and  there  is  an  evident 

intention  to  go  much  more  extensively  into  the  subject. 

Progress  and  improvement  has  been  noted  during  the  year  in  for- 
eign navies  in  the  following  respects: 

DYNAMOS   AND   ENGINES. 

There  has  been  a  general  tendency  toward  increase  in  the  size  of 

dynamos  and  a  consequent  reduction  in  number,  though  it  is  not  con- 
sidered advisable  by  man}^  to  reduce  the  number  of  units  below  4  in 

large  vessels.  This  is  based  upon  the  theory  that  a  dynamo  will  stand 

for  a  time  an  overload  of  one-third  its  normal  power.  This  being 
the  case,  any  three  of  the  dynamos  could  supply  the  total  output  in 
case  of  an  accident  to  the  fourth.  It  is  possible  to  have  an  overload 

of  one-half,  but  to  allow  this  the  cost  of  the  dynamo  is  increased 
more  than  advisable.  With  the  increasing  size  of  dynamos,  it  of 
course  follows  that  in  port  only  a  small  portion  of  the  output  of  a 

single  machine  will  be  required,  except  in  those  vessels  whose  auxilia- 
ries are  entirely  electrically  driven.  For  this  reason,  in  several  ves- 

sels, for  one  or  more  of  the  larger  units  have  been  substituted  two  or 

more  of  less  output  than  the  larger  dynamo.  The  different  arrange- 

ments in  various  navies  may  be  noted  in  the  table  of  Mr.  C.  Laurentis's 
valuable  article  on  the  Transmission  of  Electric  Energy  on  War  Ships, 
reprinted  from  the  Ri vista  Marittima  of  December,  1901,  and  here 

appended. 
Mr.  Laurenti  also  discusses  the  question  of  the  separation  and  loca- 

tion of  the  dynamos.  To  his  conclusions  must  be  added  the  evident 
fact  that  the  dynamo  room  should  be  placed  as  near  as  possible  to 
the  boiler-  to  avoid  length  of  steam  piping. 
The  engines  for  dynamos  are  almost  entirely  of  the  compound 

vertical  inverted  type.  These  engines  run  at  from  275  to  -100  turns 
pei  minute,  tin;  latter  being  about  the  maximum  with  the  ordinary 
t  \  ])c.  Steam  separators  are,  of  course,  absolutely  essential  with  these 
engine 

A  new  and  successful   type  is  the  Willans  inclosed   engine,  in    which 

all  the  reciprocating  part-  are  incased  in  a  tight  bath  of  oil,  affording 
cellenl  lubrication  and  at  the  same  time  preventing  waste  of  oil. 

In    another     type    (the    I  )elauna\    l>elle\  il  le)    the    lubrication    is    i'vd 
under  pressure  from  a  pump  worked   from  the  .shaft  of  the  engine. 
The  mo\  in"/  parts  are  also  inclosed,  to  avoid  dust  and  save  oil.     Both 
of  these  t  \  pee  require  almost  no  care,  a  great  advantage  on  shipboard, 

The  question  of  petroleum  engines  for  dynamos  has  been  agitated, 
biii  without  much  result.     Though  it  would  unquestionably  be  advan 

■Mi    i<>  be  able  to  haul  all  fires  in  pori  and  to  wink  all  auxiliaries 
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by  electricity  from  petroleum-driven  dynamo  machines,  }Tet  there  is  a 
strong  prejudice  against  the  storage  of  this  inflammable  material  on 
board  men  of  war.  Also  it  would  be  necessary,  in  winter  anyway,  to 
have  steam  on  for  heating  purposes,  and,  finally,  petroleum  motors 
are  heavier  and  less  economical  than  steam  motors  for  the  same 

purpose. 
Steam  turbines  have  been  successfully  employed  for  some  time  in 

shore  stations  for  running  dynamos,  and  are  beginning  to  be  introduced 
on  shipboard.  The  chief  objection  to  them  has  been  the  excessive 
speed  at  which  they  run.  Turbines  are  better  suited  to  large  units 
than  to  small  ones.  Experiments  have  been  conducted  on  the  French 

torpedo  boat  No.  213,  in  which  was  installed  a  propelling  turbine  devel- 
oping 1,200  horsepower  at  1,800  revolutions.  M.  Rateau,  engineer  in 

the  French  mining  corps,  who  has  conducted  these  experiments,  from 

their  results,  believes  that  it  will  be  possible  to  construct  turbo- 
dynamos  supplying  from  80  to  120  kilowatts  at  about  3,000  revolutions. 

These  turbines  are  direct-coupled.  With  the  single-disk  De  Laval 
turbine,  a  few  of  which  have  been  tried  on  shipboard,  gearing  has 

been  introduced  between  the  turbine  and  dynamos,  the  general  prac- 

tice being  to  engage  two  dynamos  b\T  the  single-gear  wheel  of  the 
turbine  so  as  to  form  a  couple  and  balance  the  reaction  (fig.  1). 

R*1- 

Ulxis  of  Turhine 

tAocis  ofDi/nvcmo  <A 

<Jixis  ofJh^ua/to^Bj 

The  great  speed  (from  3,000  revolutions  for  small  to  12,000  for 
large  engines)  and  delicate  construction  of  these  turbines  present 

great  difficulties,  and  the  gyroscopic  action  of  the  disk  when  dis- 
turbed by  the  rolling  of  the  vessel  sets  up  severe  strains  in  the 

shaft.  These  strains  are  much  less  in  the  slower  multiple  disk  engines 
of  Parsons  or  Rateau,  but  in  any  ease  it  is  advisable  to  install  them 
with  the  axis  in  a  fore-and-aft  direction. 

The  gain  with  the  turbine  is  in  decreased  weight,  coal  consumption. 
space,  and  vibration.  At  the  central  station  in  Cambridge.  England, 

equipped  with  Parsons  turbines,  at  full  load  {<CaK)  kilowatts),  the  steam 
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consumption  was  24.25  pounds  per  kilowatt,  and  with  a  load  of  100 
kilowatts  it  rose  to  33.07  pounds  per  kilowatt  an  hour.  From  the 
mean  of  six  measurements  it  was  found  that  with  irregular  loads  the 

mean  steam  consumption  would  be  28.2  pounds  per  kilowatt  an  hour. 

Assuming  eight-fold  evaporization,  this  would  give  a  coal  consump- 
tion of  3.52  pounds  an  hour  per  kilowatt,  or  for  one  I.  H.  P.  at  the 

motor  shaft  3.52  pounds  an  hour.  Other  investigations  made  else- 
where have  given  even  better  results  (a  steam  consumption  of  from 

21.5  to  22.5  pounds  an  hour  per  kilowatt).  These  contrast  most 

favorably  with  compound  engines.  It  will  be  observed,  however, 

that  reduction  of  load  means  a  greater  proportionate  steam  consump- 
tion than  with  the  compound  engines.  It  has  also  been  found  that 

turbines  require,  to  insure  economy,  a  very  good  vacuum.  It  is 

claimed  that  a  saving  in  weight  of  parts  of  about  40  per  cent  may  be 

effected  by  their  use. 
The  substitution  of  cast  steel  for  cast  iron  in  recent  dynamos  and 

motors  has  effected  a  saving  in  weight  of  about  30  per  cent. 

AMMUNITION    HOISTS. 

This,  one  of  the  earliest  applications  of  electricity  on  shipboard,  has 

been  more  universally  extended  than  any  other,  and  owing  to  its  mani- 
fest advantages  of  absence  of  heat,  possibility  of  distant  control,  speed, 

and  freedom  from  noise  has  almost  entirely  supplanted  any  other  form 

of  power  for  this  purpose.  The  types  and  varieties  of  hoists  are  infi- 
nite, owing  to  the  varying  requirements  of  installation  and  delivery. 

The  increasing  rapidity  of  gun  fire  has  taxed  the  capacity  of  the  hoists 

very  much,  and  in  large  vessels  it  has  become  a  serious  problem  how 
to  install  an  efficient  service  without  excessive  number  of  hoists  and 

stations.  There  has  also  been  complaint  of  late  of  danger  from  spark- 
ing in  the  motors  installed  directly  in  the  magazines  and  handling 

rooms.  This  is  a  matter  requiring  attention,  for,  from  the  nature  of 
the  service,  it  is  not  always  possible  to  install  the  motors  outside  of 

tin  &je  compartments. 
VENTILATORS. 

The  use  of  the  elect  lie  Ian  lor  ventilation  of  quarters  and  small 
compartments  has  become  so  universal  as  to  require  no  comment.     In 

regard  to  large  Mowers  and  ventilating  fan-,  the  use  of  electricity  has 

gained  very  great  headway  and  has  been  generally  adopted  bv  most 
Davies,  except   in    the  engine  and    lire  rooms,  where  there  is  still   some 

opposition  toil-  use.  The  objections  offered  are:  Electric  blowers  are 

not  easily  controlled  as  i<>  speed;  the  heal  In  these  compartments  is 
bad  for  the  armatures  mid  coils  and  liable  to  burn  them  out,  and  when 

the  blowers  are  so  near  the  boilers,  t he  original  tource  of  energy .  the 
transmission  of  steam  to  the  dynamos  t<>  be  converted  into  electrical 

L800    02        20 
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energy,  then  to  be  returned  to  the  blower  to  be  converted  into  mechan- 
ical energy,  is  not  good  engineer  economy.  Notwithstanding  these 

reasons,  several  ships  are  installing  electric  blowers,  with  success,  in 
their  fire  and  engine  rooms,  more  extensively  in  the  latter  than  in  the 
former.  For  example,  in  the  French  navy  the  Charlemagne,  Gaulois, 
Tena,  and  Svffren  have  them  in  the  engine  rooms,  while  the  Iena  and 
Suffren  only  have  them  in  the  fire  rooms. 

PUMPS. 

The  use  of  electricity  for  pumps  is  generally  increasing,  especially  in 
its  application  to  large  centrifugal  pumps  for  the  removal  of  water. 
The  Russian,  French,  and  Italian  navies  in  particular  have  adopted 

this  system.  (See  Naval  Constructor  Laurenti's  article  appended.)  It 
is  possible  to  use  these  pumps  in  all  cases  where  great  pressure  or  suc- 

tion are  not  required.  Their  economy  in  weight,  coal,  and  cost  would 

warrant  such  use.  Even  for  fire  service  such  pumps  would  be  avail- 
able, for  they  can  be  constructed  to  throw  water  under  favorable  con- 

ditions to  a  distance  of  50  yards  or  more  under  5  to  6  kilograms 
pressure.  Electric  pumps  are  generally  used  for  the  cooling  water  in 
installations  for  cooling  magazines,  the  air  being  forced  by  electric 
blowers  through  a  refrigerator  cooled  by  water  circulation. 

WINCHES   AND   HOISTS. 

A  great  advance  has  been  made  in  the  application  of  electricity  to 

winches  and  hoists  located  on  deck,  in  exposed  places,  and  at  long  dis- 
tances from  the  boiler.  Ash  hoists,  coaling  winches,  cargo  winches, 

and  boat  winches  have  come  into  very  general  use  in  the  new  ships, 

both  men-of-war  and  merchant  vessels.  The  North  German  Lloyd 
Steamship  Company  has  had  very  great  success  with  electric  cargo 
winches  and  loading  cranes.  The  latter  showed  decided  advantages 
over  hydraulic  cranes  on  sister  ships,  and  their  operation  could  be 
intrusted  to  entirely  unskilled  labor.  By  an  ingenious  arrangement 
(similar  to  searchlight  controls)  of  the  crane  lifting  and  turning  motor 
rheostats,  one  lever  was  made  to  operate  both.  When  this  lever  was 

in  the  middle  horizontal  position  the  crane  was  normal  to  the  ship's 
side,  with  hook  of  the  fall  half  way  up.  Elevating  or  depressing  the 
lever  raised  or  lowered  the  hook;  turning  the  lever  in  azimuth  swung 

the  crane  in  or  out.  These  operations  could  be  performed  simulta- 
neously. The  stroke  was  regulated  by  defined  resistances  to  give  seven 

different  speeds.  Fig.  2  shows  a  successful  type  of  15  horsepower  con- 
tinuous current  coaling  winch  as  used  in  the  German  navy.  It  is  very 

similar  in  type  to  those  used  for  boat  hoists,  deck  winches,  etc.    These 
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auxiliaries  being  mounted  in  exposed  places  on  deck  must  be  carefully 
inclosed  and  protected  from  dirt,  coal  dust,  and  water. 

It  is  the  practice  now  to  have  in  installations  for  varying  loads 

double  motors  arranged  with  a  common  armature  and  fitted  with  con- 
necting posts  at  the  ends,  on  the  right  and  left  sides,  for  connecting 

either  in  series  or  parallel  according  to  the  work  required. 
In  the  use  of  electricity  for  boat  hoists  we  encounter  the  necessity 

for  relatively  great  power  and  slow  speed.  This  compels  motors  that 

are  nearhT  twice  as  heavy  and  expensive  as  steam  winches.  Also  they 
make  great,  even  though  momentary,  demands  upon  the  electrical 
output  of  the  ship,  especially  in  harbor  service.  A  battleship  boat 
hoist,  for  example,  would  consume  ordinarilv  about  32  kilowats.  This 
in  most  vessels  would  require  the  starting  of  a  special  dynamo,  one  of 
the  battle  units,  to  operate  it  safety.  Where  dynamos  can  be  joined 

in  parallel  we  may  of  course  use  two  smaller  units.  These  disadvan- 
tages are  no  longer  of  so  much  moment  in  the  new  large  vessels  with 

powerful  electric  plants,  and  their  advantages  of  instant  operation, 

economy  of  steam,  and  greater  safety  in  battle  have  led  to  their  adop- 
tion in  several  vessels.  (See  description  of  their  use  on  the  German 

cruiser  JEgir?) 
TURRET   TRAINING    GEAR. 

Hydraulic  gear,  so  long  popular  for  turret  mechanism,  is  rapidly 
giving  way  before  the  superior  advantages  of  electric  train,  and  even 
Great  Britain,  always  most  conservative  in  this  respect,  has  ordered  the 
adoption  of  electricity  for  turrets  in  the  new  vessels  laid  down,  though 
as  a  reserve  substitute  for  hydraulic  and  hand  power.  The  Rivista 
Marittima  for  October,  1901,  gives  a  list  of  vessels  whose  guns  and 
turrets  are  electrically  controlled,  which  list,  revised  and  added  to, 
shows  the  following  number  of  ships  with  electric  gun  apparatus: 

France,  33;  German}',  4;  Russia,  7;  Japan,  2;  Italy,  6;  Argentine,  4; 
United  States,  17;  Brazil,  2;  Chili,  2;  Sweden,  4;  Austria,  4.  To 

tlii-  should  he  added  practically  all  the  new  turret  vessels  under  con- 
struction outside  of  Great  Britain. 

CAPSTANS. 

The  great  distance  of  the  capstan  from  the  boilers  lias  rendered 
this  type  of  auxiliary  particularly  wasteful  of  steam,  and  by  the  heat- 

ing effect  of  it  and  its  piping  a  constant  source  of  discomfort  and  dan 

ger  in  the  crew's  living  spaces.  Naturally  the  application  of  electric 
ity  to  remedy  this  was  soon  put  into  practice,  but  the  results  have 
not  been  altogether  successful.  The  work  t<>  he  performed  is  of 
the  severest  nature,  and  sudden  and  \er\  heavj  strain  must  he  put 
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upon  the  motor;  also,  as  in  boat  winches  we  must  have  great  power 
with  slow  speed,  which  entails  almost  twice  the  weight  and  cost  of  a 

steam  engine.  The  best  known  example  of  electric  capstan  was  that 

installed  in  the  German  ship  JEgir.  Fig.  3  shows  this  type.  The 

following  notes  on  its  operation,  from  a  lecture  by  Naval  Architect 

W.  Geyer  before  the  German  Shipbuilding  Society,  are  of  value,  and 

supplement  those  in  No.  XX,  page  251,  of  these  notes: 

The  capstan  of  the  JEgir  was  fitted  with  a  throttle  resistance  regulator.  In  the 

criticism  of  this  installation  it  was  stated  that  in  measuring  the  expenditure  of  the 

power  used  by  the  motor  it  was  found  to  be  100  per  cent  greater  than  that  required 

for  a  steam  capstan  under  similar  conditions.  The  motor,  however,  notwithstanding 

this  double  load,  carried  it  because  it  was  so  strongly  built.  This  unexpected  con- 
sumption of  energy  by  the  capstan  is  stated  in  the  report  to  be  due  to  the  fact  that 

the  primary  dynamo  had  not  sufficient  power  and  that  in  order  to  break  the  anchor 

out  it  would  be  necessary  to  install  a  second  dynamo. 

Unfortunately  the  electric  capstan  was  for  this  reason  replaced  by  a  steam  capstan, 

although  it  is  now  known  that  by  a  very  simple  alteration  in  the  switch  connections 

of  the  capstan  motor,  whose  power  was  not  by  any  means  exhausted,  the  electric 

capstan  would  have  proven  adequate  for  the  following  reasons: 

The  pulling  power  of  the  motor  is  proportional  to  the  current  strength  lead  to  it. 

If  we  double  the  current  strength  the  pulling  power  of  the  motor  will  be  doubled. 

This,  however,  is  not  unlimited,  but  depends  upon  the  temperature  to  which  the 

copper  armature  bars  are  raised  by  the  current.  The  regulating  resistance  controls 

the  current  admitted  to  the  armature  by  throttling  its  intensity  within  certain  limits. 

The  energy  supplied  to  the  JEkjir* a  capstan  motors  by  the  two  steam  dynamos  run 
for  that  purpose  was  not  utilized;  the  greater  part  was  swallowed  by  the  regulating 

resistances  and  uselessly  transformed  into  heat.  If  the  dead  resistance  is  replaced 

by  a  second  Avorking  resistance  the  energy  that  was  previously  wasted  in  heat  can 

be  utilized  for  work.  That  is,  double  the  work  may  be  obtained  for  two  motors 
connected  in  series  than  from  one  motor  with  the  throttled  resistance,  with  the 

same  electrical  energy.  This  arrangement  is  in  practical  use  everywhere.  ( See  al  ><  >ve, 

under  "Winches  and  hoists.") 

After-deck  and  stern  capstans  have  been  installed  with  some  sua 
in  several  vessels. 

STEERING    G EAR. 

Under  this  head  are  to  be  considered  electric  steering  gear  and  the 

electric  control  of  steam  steering  gear.  Just  as  in  the  case  of  the 

capstan,  the  great  distance  of  the  steering  engine  from  the  boilers  has 

rendered  steam  gear  very  wasteful  indeed,  and  tlie  engine  and  piping 

have  been  a  source  of  discomfort  and  danger  to  the  after  part  of  the 

vessel.  To  obviate  this  two  or  three  types  of  electric  steering  gear 

have  been  installed  on  ships,  especially  in  the  Russian  and  Gorman 
navies.  The  Portuguese  cruiser  Reinha  Amelia  is  fitted  with  a 

French  apparatus,  originally  designed  for  the  battleship  Tena,  but  not 
approved  for  that  vessel,  which  has  proved  thoroughly  successful. 

The  steering  engines  for  the  German  cruiser  J\<nr  and  the  Russian 
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cruiser  Diana  were  furnished  by  the  Union  Electrical  Company  of 
Berlin.  Notes  upon  the  operation  of  the  gear  of  the  JEgir  will  be 
found  in  No.  XIX  of  these  notes,  page  251,  and  also  in  the  notes 

upon  the  operation  of  the  JEgir^s  installation  here  appended.  The 

following  description  of  the  apparatus,  condensed  from  Schifl'bau, 
Nos.  22  and  23,  1901,  will  explain  the  general  construction  and  prin- 

ciple of  the  gear  as  applied  to  the  Diana.     The  arrangement  is  based 

upon  the  application  of  differentia]  running.  In  fig.  4  it  is  seen  that 
the  pair  of  bevel  gears  A,.  A.,  are  revolved  by  fcwo  permanent  motors 
M,  and  M...  This  transmitted  motion  to  the  shaft  C  varies  as  one-half 

the  difference  between  the  speeds  of  M,  and  M  . 
When  the  ruddei  is  at  rest  amidships  M,  and  M,  revolve  at  300 

[evolutions  per  minute.  To  move  the  rudder  the  revolutions  of  one 
motor  are  increased  to  i<«».  while  those  of  the  other  are  reduced  to 

-*J*>,  whence  the  shaft  C  turns  at  90  per  minute  in  the  direction  of 
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revolution  of  the  faster  motor.     Thus,  to  control  the  rudder  we  have 

only  to  vary  the  relative  speeds  of  the  motors. 
Fig.  5  shows  the  electric  connections.  The  two  armatures  M15  Mj 

are  in  parallel,  while  the  field  magnets  Fn  F2  are  in  series.  Resist- 
ance L  is  placed  in  the  circuit  by  the  switch  IT  to  connect  with  either 

end  of  the  field  coils.  This  switch  or  commutator  is  placed  in  the 

steering  standard  to  be  described  later.     There  is  an  additional  resist- 
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Fig.  5. 

ance  to  be  shunted  into  the  field  circuit,  Wf.  The  resistance  of  the  two 
field  coils  is  the  same,  2.7  ohms.  Resistance  of  L  is  1.8  ohms,  bo  that 

to  turn  the  rudder  starboard  or  port  the  strength  of  the  current  will 
be  increased  in  one  and  reduced  in  the  other  of  the  two  circuits  F,.  1  . 

in  parallel.  In  Fig.  5  if  "U"  is  placed  to  the  left  the  aforesaid  con- 

dition will  prevail,  and  the  difference  in  strength  o\'   the  two  currents 
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resistance  to  the  parallel  connected  armature.  At  the  contact  plate  of 
the  shunt  there  is  an  automatic  switch  to  break  circuit  in  case  of  dis- 

turbance in  the  field,  thus  avoiding  the  possibility  of  burning  the  field 

armature.  The  electromagnet  of  this  switch  is  in  series  with  the  held 

circuit,  and  as  long  as  the  current  strength  does  not  exceed  a  certain 

limit  the  lever  of  the  magnet  is  held  in  place,  but  it  is  drawn  back  by 

its  spring  in  case  there  is  any  unforeseen  decrease  in  current,  thus 

stopping  berth  motors.  The  resistance  coil  L,  fig.  5,  is  arranged  in 

two  connections,  one  part  going  to  the  steering  standard,  the  other, 

Lx  L2,  to  the  end  switches.  This  is  necessitated  by  the  lack  of  space 

for  proper  resistance  in  the  five  steering  standards,  and  to  the  varying 

distances  and  consequent  varying  loss  of  voltage  to  these  standards, 

<Sbee7-i  nx?  Standard  1 
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Fig.  8. 

requiring  that  the  resistances  in  the  standards  be  used  to  equalize  the 

voltages.  Thus  the  rudder  can  be  shifted  with  equal  speed  from  each 
standard.  The  resistance  L  in  the  steering  standard  is  connected  to  a 

further  resistance  coil  La  at  the  second  contact  to  prevent  sparking. 

For  the  same  reason  end  cut-offs  Lx  and  L2  are  so  provided.  The  end 

cut-offs  are  mounted  on  the  spindle  of  the  rudder  quadrant,  and  pre- 
vent the  rudder  from  going  too  far  when  put  hard  over,  as  they  act 

automatically  to  cut  out  the  current  if  it  is  not  switched  out  in  time 

by  the  steering  standard. 

A  regulator  is  attached  (fig.  8)  to  the  motors  and  has  switch  connec- 
tion with  the  motor  field.     The  resistances  are  regulated  in  many  steps, 
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much  more  so  than  in  the  stands,  as  the  latter  only  control  slight  dif- 
ferences in  the  number  of  revolutions.  The  attempt  to  control  the 

number  of  revolutions  by  means  of  the  commutator  brushes  is  aban- 
doned, as  sparking  of  the  brushes  is  only  avoided  by  having  them  in  a 

fixed  position  independent  of  the  speed  of  revolution.  The  regulator 

is  adjusted  and  permanently  fixed.  Readjustment  is  only  necessary 
with  a  difference  of  temperature  such  as  to  influence  the  uniform 
motion  of  the  motors. 

A  third  circuit  connects  the  steering  standard  to  the  rudder-position 
indicator.  The  latter  is  built  in  the  steering  standard  and  serves  to 

control  the  position  of  the  rudder. 

The  steering  standard  is  operated  b\r  moving  the  lever  to  port  or 
starboard  and  holding  it  in  the  position  until  the  rudder  indicator 

shows  the  desired  position.  To  bring  the  rudder  to  rest  the  lever  must 

be  released.  Springs  fitted  in  the  foot  of  the  standard  bring  the 

lever  back  to  zero  position.  The  resistances,  contacts,  etc.,  in  the 

standard  are  wound  double  in  the  pedestal  to  prevent  influence  upon 

the  compass.  The  rudder  indicator  is  at  the  head  of  the  pedestal,  with 

a  scale  illuminated  at  night  from  behind.  The  separate  steering 

standards  have  cut-outs  and  are  usually  all  cut-out  except  that  in  use. 
The  rudder  position  indicator  is  connected  to  the  apparatus  in  the 

steering  room,  which  latter  is  operated  from  the  rudder  head  by  a  wire 

rope  connection,  an  arm  moving  thus  with  the  rudder  over  a  series  of 

80  contacts,  40  for  each  side,  thus  adding  or  decreasing  resistance  and 
affecting  an  indicating  voltmeter  in  the  bridge  standard.  It  is  claimed 

that  the  errors  of  indication  are  not  greater  than  one  degree. 

As  noted  (see  page  315),  this  type  of  gear  gave  rise  to  various  com- 
plaints, and  the  company  have  manufactured  a  new  design,  dispensing 

with  the  entire  differential  mechanism,  having  but  one  motor,  which  is 
ersed  when  the  rudder  is  to  be  moved  in  the  contrary  direction. 

By  this  system  the  full  power  of  the  motor  is  used.  When  the  rudder 

IS  amidships  no  current  is  used  and  we  save  the  expenditure  of  the  con- 

stantly running  differential  motors.  Starting,  regulating,  andrevers- 
ing  this  motor  is  simple,  a  dynamo  being  placed  in  the  circuit  between 
the  rudder  motor  and  the  branch  junction  to  the  electric  mains.  This 

dynamo  serves  to  add  to  the  potential  or  to  oppose  it  as  needed,  with- 

out affecting  the  general  mains.  The  variation  of  potential  of  this 

additional  dynamo  is  regulated  by  changing  the  magnetic  field.  The 

connections  are  shown  in  lig.  '•>.    When  the  rudder  is  amidships  the 
additional    dynamo   gives   a   potential   of    minus  L10  Volts,  which  coin 

pletelv    annuls   the    current   of    pi  US    11<»    volts    from    the    mains.      1>\ 

decreasing  the  negative  potential  of  the  extra  dynamo  there  is  a  posi 
tive  potential    taken    to  the  rudder   motor,  which  amounts  to  I  10  volts 

when  the  additional  dynamo  has  zero  potential.  When  the  tie  Id  of  the 

additional  dynamo  is  reversed  the  potential  i<>  the  rudder  motoi 
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110  volts  plus  the  110  volts  of  the  additional  dynamo,  or  a  total  of  220 

volts.  The  additional  d\Tnamo  takes  the  place  of  the  starting  and 
regulating  resistances. 

The  steering  standard  on  the  bridge  is  apparently  complicated,  but 

reall}r  quite  simple.  This  standard  contains  the  regulating  resistances 
to  alter  the  field  magnets  of  the  extra  dynamo  and  a  reversing  switch 
for  the  same.  This  reversing  switch  throws  into  circuit  the  field  coil 
magnets  that  were  otherwise  without  current.  Objection  in  this 
arrangement  to  the  necessity  for  an  additional  dynamo  is  modified  by 

the  fact  that  it  need  be  but  one-half  the  size  of  the  rudder  motor,  having 
the  same  current  strength  with  half  the  potential.  This  permits  great 

speed,  and  it  is  light  and  very  small.  The  Pfatischer  or  Leonard  s}ts- 
tem  of  electric  steering  gear  as  applied  to  Russian  men-of-war  is  some- 

what similar  in  principle  to  the  foregoing  in  its  operation  upon  the 
field  coils,  with  the  essential  difference  that  it  is  not  applied  directly  to 

Fig.  9. 

the  field  of  the  motor,  but  intermediately  by  means  of  a  free  inde- 
pendent primary  machine  regulated  from  the  bridge  standard.  Its 

operation  has  proved  reliable  and  the  Variety  and  Retvizan  have  had 
excellent  results  with  it,  and  several  other  Russian  vessels  are  fitted 

with  it.     (See  Naval  Constructor  Laurenti's  article.) 
Siemens  &  Halseke,  of  Berlin,  have  invented  a  single  motor  electric 

steering  apparatus  which  has  fulfilled  the  tests  so  far  exacted  of  it. 
A  novel  feature  is  that  the  motor  itself  acts  as  a  brake  to  annul  the 

great  kinetic  energy  that  usually  renders  stopping  so  difficult  With 
this  motor  is  used  a  new  type  of  steering  standard,  which  is  shown  in 
the  accompanying  photographs  (figs.  11  and  12).  The  commutator 
switch  is  in  the  upper  part  of  the  standard.  When  contact  is  made  on 
the  right  side  current  is  admitted  to  this  to  turn  it  to  the  left,  and  vice 
versa  when  turned  to  the  right,  thus  moving  the  eccentric  lover.  The 
contact  lever  carries  a  pointer  that  can  be  placed  on  the  scale  to  the 

position  desired  for  the  rudder.  The  rudder  position  indicator  has  a 

pointer  which  synchronically  assumes  the  position  in  which  the  rudder 
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is  moved.  This  is  done  by  means  of  a  motor  in  the  standard  that 
sends  the  impulse  to  the  distant  commutator,  which  is  connected  to  the 
tiller  by  means  of  a  series  of  partial  rings  insulated  on  a  tumbler 
thereon.  When  the  two  pointers  stand  directly  in  line  opposite  each 
other,  the  contact  is  broken, the  steering  motor  is  cut  out  and  returns 

to  the  neutral  middle  position,  the  steering  motor  stops  and  the  "  dis- 
tant commutator"  remains  in  that  position,  while  the  movement  of  the 

rudder  ceases.  In  the  bottom  of  the  standard  is  a  gong  which  rings 
whenever  the  rudder  passes  the  midship  point.  This  serves  to  check 
the  correctness  of  the  indicator.  If  the  indicator  does  not  stand  at 

zero  when  the  gong  sounds  it  may  be  moved  by  hand  to  zero,  as  there 
is  simply  a  friction  connection  with  the  steering  motor  connections. 
Advantage  is  claimed  for  the  external  pointer  for  an  indicator  in 

that  the  helmsman  can,  steering  with  one  hand  and  holding  the  fingers 
of  the  other  upon  the  pointer,  keep  his  eyes  upon  the  compass  or  upon 
the  officer  conning,  and  yet  know  the  exact  position  of  the  helm.  This 
would  not  be  possible  with  the  usual  hand  and  illuminated  dial  type. 
The  following  notes  on  the  operation  of  the  electric  apparatus  of 

the  German  coast-defense  ship  Aegir  will  supplement  those  on  page 
250  of  No.  XIX  of  these  Notes,  and  will  serve  to  show  the  difficulties 

experienced  with  these  installations. 

[From  Marine  Runelschau,  October,  1901,  p.  1041.] 

1.    THE   STEERING    GEAR. 

The  motors  have  not  failed  once,  but  had  to  be  stopped  twice  owing  to  faulty 
service  while  in  operation.  In  cleaning  the  carbon  brushes  pieces  of  carbon  were 
allowed  to  fall  between  the  brushes  and  the  commutator,  which,  of  course, 

r«  .-uJtecl  in  considerable  sparking.  With  greater  care  these  interruptions  in  the 
operations  of  the  dynamo  could  have  been  obviated.  The  rudder  governors  have 
not  proved  practical  and  have  given  rise  to  injuries  in  several  instances,  owing  to 
the  support  of  the  contact  roller  breaking  or  jamming.  Moreover,  it  was  subse- 

quently discovered  that  the  rollers  and  contact  surfaces  were  so  badly  burned  and 

soiled  from  sparking,  after  only  two  or  three  days'  use,  that  they  ceased  to  be  good 
conductors  of  the  current,  so  that  the  rudder  no  longer  followed  the  movements. 
Owing  to  the  jamming  or  breaking  of  the  governors,  the  tiller,  on  three  occasions, 

ran  too  far  to  the  side,  which  resulted  in  the  breaking  of  the  wheel  rope.  The  reason 

why  this  could  happen  in  spite  of  the  automatic  cut-out  was  that  the  speed  of  the 
two  motors,  which  ran  in  opposite  directions,  is  not  entirely  alike.  When  the  lever 
of  the  governor  was  laid  amidships  or  the  automatic  cut-out  put  out  of  the  circuit. 
one  of  the  motors  was  usually  a  little  behind;  this  was  not  noticed  while  they  were 
running,  bul  when  the  governor  failed  or  broke  this  retarding  resulted  in  the  break- 

of  the  wheel  rope.  This  danger,  while  subsequently  lessened  by  putting  in  a 
iilator,  haa  nol  been  entirely  removed. 

The  frequenl  errors  occurring  during  the  t'n>t  year  in  the  Indicator  of  the  rudder 
were  due  mainly  to  the  fault)  laying  of  the  cable,  especially  at  the  turning 

places.    Since  the  cables  were  branched  off  to  theditfereni  stations  from  a  switch 

board  in  the  steering  room  the  Indicators  have  tailed  \,i\  seldom.     Faults  ma) 
occur  in  the  instrument  Itself   bi  reason  of  the  breaking  <>i   the  fine  windin 
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the  electromagnets,  owing  to  vibrations,  after  they  have  been  in  use  for  some  time. 
Failure  may  also  be  due  to  imperfect  contact  of  the  rollers  on  the  commutator  of 

the  step-by-step  resistance. 
To  the  defects  enumerated  must  be  added  the  circumstance  that  when  first 

started  the  movements  of  the  rudder  are  effected  more  slowly  than  in  the  case  of 
steam  steering  gear;  afterwards  it  runs  faster. 

Although  the  electrically  operated  steering  gear  on  board  the  JEgir  does  not  fully 
satisfy  all  the  requirements,  I  am  nevertheless  of  opinion  that  it  is  in  many  respects 
to  be  preferred  to  steam  steering  gear. 

2.    THE    BOAT-HOISTING    WINCHES. 

The  boat-hoisting  winches,  during  the  two  years  and  a  half  while  in  operation, 
failed  twice;  the  first  time  as  the  result  of  the  breaking  of  the  sliding  contact  which 
puts  the  shunt  resistance  in  and  out  of  the  circuit.  The  defect  was  discovered  at 

once  and  repaired  in  two  hours'  time.  Since  inspections  at  stated  intervals  have 
been  ordered,  such  defects  resulting  from  negligence  have  not  occurred. 

The  second  failure  was  due  to  faulty  workmanship  in  the  apparatus,  which  had 
passed  unnoticed.  The  motors,  having  drum  armatures  with  fashioned  rods,  have 
at  both  sides  long  projecting  arms,  which,  for  greater  safety,  are  connected  to  a  ring 
secured  on  the  shaft.  This  ring  had  worked  loose,  as  a  result  of  the  vibrations  due 
to  the  running  of  the  dynamo,  and  the  arms,  together  with  the  ring,  were  thrown 
by  centrifugal  force  toward  the  armature  core.  This  injured  the  insulation  of  the 
field  coils,  and  resulted  in  strong  sparking. 

These  boat-hoisting  winches  are  the  most  perfect  auxiliaries  imaginable,  and  I 
should  be  very  glad  to  find  them  on  board  every  ship  on  which  I  may  have  the  honor 
to  embark. 

3.  GUN-TRAINING    GEAR. 

The  steam  turbines  and  dynamos  have  always  worked  wen,  but  frequent  failures 

have  occurred  at  the  motors,  especially  during  the  first  year,  when  the  cable  con- 
ductor was  not  well  laid. 

In  one  instance  an  injury  occurred  by  reason  of  the  fact  that  the  gun  captain  did 
not  put  the  starting  lever  quickly  enough  in  stop  position,  thus  losing  control  of  the 
carriage.  In  order  to  repair  the  damage  the  carriage  connections  and  shaft  had  to 
be  dismounted. 

Faults  which  could  be  easily  remedied  were  due  to  imperfect  contact  of  the  carbons 
of  the  reversing  gear.  By  not  burning  evenly,  they  opposed  at  times  too  much 
resistance  to  the  passage  of  the  current. 

Faults  not  so  easily  remedied  were  those  occurring  in  the  regulating  resistance 
which,  when  put  into  the  circuit,  makes  the  dynamo  a  compound  engine.  This 
resistance  is  too  much  covered,  as  the  result  of  which  the  sliding;  contact  failed  in 
several  instances. 

If  the  reversing  gear  is  improved — that  is  to  say,  if  better  contact,  free  from  spark- 
ing, is  secured — and  the  regulating  resistance,  whose  sliding  contact  is  actuated  by 

the  shaft  of  the  reversing  gear,  is  put  in  so  that  it  can  be  better  observed,  1  consider 

the  gun-training  gear  an  absolutely  reliable  auxiliary. 

4.  AMMUNITION    HOISTS. 

The  machinery  for  this  purpose  has  in  itself  worked  as  faultlessly  as  the  boat 

winches.  Faults  which  have  occurred  were  due  merely  to  the  fact  that  the  discon- 
necting gear  is  built  too  light.  This  unstable  gear,  constructed  of  gas  piping,  has  not 

always  responded  promptly,  thus  causing  the  motors  to  stop  too  early  or  too  late. 
I  consider  the  ammunition  hoists  recently  introduced  preferable,  as  the  motors  c;in 
be  kept  running  constantly. 
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5.    STERN    CAPSTAN. 

This  appliance  has  proved  a  great  boon  for  the  crew,  and  has  been  used  for  many 
purposes,  such  as  rigging  in  aud  out  of  boats,  coaling,  etc.  The  armature  burned 
out  several  times  because  the  motor  was  overloaded.  A  double  motor  has  recently 
been  put  in,  which  obviates  the  danger  of  overloading. 

6.    VENTILATOR   FANS. 

After  a  long  time  of  service,  the  same  defects  were  noticed  here  as  in  the  dynamos — 
breaking  of  the  armature  covering,  owing  to  friction  at  the  lower  pole  piece  when  the 
bearings  were  too  much  worn,  short  circuits  at  the  armature,  and  other  minor  faults. 
But  with  reasonably  skilled  personnel,  defects  of  this  kind  can  be  easily  removed 
either  by  repairing  or  by  exchanging  the  armatures. 

As  to  the  value  of  electric  auxiliaries  generally,  I  am  of  the  opinion  that  it  light- 
ens the  service  in  every  respect  and  considerably  enhances  the  fighting  efficiency  and 

readiness  of  ships. 

Such  is  the  opinion  of  an  expert  based  on  thirty  months'  experience 
with  electric  auxiliaries  in  operation. 

[Translated  from  Rivista  Marittima,  December,  1901,  p.  536.] 

TRANSMISSION  OF  ELECTRIC  ENERGY  ON  BOARD  OF  WAR  SHIPS. 

By  Naval  Constructor  C.  Laurenti. 

From  the  first  alternating-current  dynamo,  which  made  its  appear- 
ance in  1876  on  board  the  English  cruiser  Minotaur  for  the  operation 

of  a  search  light,  to  the  electric  installations  of  800  horsepower  which 

have  been  designed  for  the  new  United  States  ships  of  the  Virginia 

type,  is  traced  the  progress  which  the  use  of  electricity  has  made  on 
board  of  war  ships.  The  conservatism  which  is  so  characteristic  of 
the  older  navies,  the  indifference  with  which  all  innovations  are 

received,  the  time  which  elapses  between  the  planning  of  a  large  ship 
and  the  moment  when  it  is  placed  in  commission  (on  an  average  five 

years),  all  these  are  obstacles  which  have  interfered  with  the  expan- 
sion of  the  use  of  electricity.  At  first  it  was  applied  to  search  lights, 

then  to  lighting  purposes  generally,  then  to  ventilators,  and  only  more 

recently  to  ammunition  hoists,  turret-turning  gear,  winches  for  hoist- 
ing ashefi  and  fuel,  boat  winches,  capstans,  turbines  for  ejecting  large 

masses  of  water,  steering  engine,  to  the  operation  of  water-tight  doors, 

to  pumps  for  compressing  air  and  water,   refrigerating  machines, 
machine  tool-,  heating  of  -mall  spaces,  etc. 

To  the  United  States  and  Russian  navies  belongs  the  glory  of  having 

developed  mo-t  e\  t  en -i  \  e|y  t  he  u-e  of  electricity  on  hoard  of  their 

Ships.  Ill  the  other  navies  We  find  even  now  only  some  of  the  appli- 
cation- above  enumerated,  which,  however,  <\^^>  not  detract  from  the 

real  progress  actually  attained  by  that  branch  of  marine  engineering. 

The  tendency  is  mainly  to  supersede  team  auxiliaries  which  are  at 

some  distance  from  the  boiler*   by  electric  auxiliaries,  and  in  some 
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cases,  even  for  the  operation  of  ventilators;  for  instance,  electricity 
has  already  taken  the  place  of  steam  in  the  very  boiler  and  main 

engine  rooms.  Such  substitution  is  rendered  advisable  by  two  rea- 
sons, one  in  the  interest  of  economy,  the  other  in  the  interest  of  war- 

fare. There  has  been  much  discussion  as  to  both,  which,  however, 

has  not  always  been  fair.  But  by  this  time  the  data  furnished  by 

experience  has  led  to  positive  results,  and  it  is  of  such  data  only  that 

we  shall  avail  ourselves  in  our  arguments. 

The  question  of  the  economic  advantage  of  a  large  electric  instal- 
lation for  the  transmission  of  power  on  board  of  war  ships  over  a 

steam  plant  has  been  much  discussed  in  the  United  States  Navy. 
Among  the  first  to  point  out  the  advantages  of  electric  installations 

were  W.  W.  White  ("  Steam  consumption  of  the  main  and  auxiliary 

machinery  of  the  17.  S.  S.  Minneapolis"  Journal  of  American  Society 
of  Naval  Engineers,  February,  1898)  and  S.  Dana  Greene,  electrical 

engineer  (Lecture  delivered  before  the  American  Institute  of  Elec- 
trical Engineers,  at  the  meeting  of  1899).  These  were  opposed  by 

Lieutenant  Robinson,  United  States  Navy  ("Auxiliary  machinery  for 

war  ships,"  Engineering  Magazine,  October  and  November.  1899), 
and  G.  W.  Melville,  Chief  of  the  Bureau  of  Steam  Engineering  of  the 

United  States  Navy  (u  Electrically  driven  auxiliaries,"  Annual  Report 
of  the  Secretary  of  the  Navy  for  the  year  1899,  p.  708).  But  time 

appears  to  have  adjusted  the  differences.  To-day  the  magnitude  which 
that  Navy  has  given  to  the  electric  installations  of  the  Kentucky  and 

Kearsarge,  and  the  still  greater  proportions  of  the  installations 

designed  for  the  battleships  and  cruisers  to  be  built,  show  the  strides 
which  the  new  ideas  have  made. 

The  question,  which  has  gradually  been  assuming  importance, 

necessarily  awakened  interest  in  the  other  navies,  especially  the 

English.  In  England  the  question  was  discussed  very  thoroughly, 

first  by  G.  R.  Dunnell  ("Marine  engineering,"  Brassey's  Naval 
Annual,  1899  and  1900),  and  subsequently  by  C.  F.  Grove  ("The 

electrical  equipment  of  ships  of  Avar."  paper  read  before  the  Institu- 
tion of  Electrical  Engineers  of  London,  April  5,  1900.  See  the  Elec- 

trician of  April  27,  1900.)  Between  the  divergent  views  of  Greene 
and  Grove  on  one  side,  and  of  Melville  on  the  other,  the  best  road,  as 

ever,  is  the  middle  road,  which  has  been  cleared  of  obstacles  and 

lighted  by  experience  and  by  the  power  of  figures,  which  have 

certainly  more  weight  than  any  argument  could  have. 
We  will  say  at  once  that  as  far  as  we  are  concerned  we  leave  out  of 

the  discussion  the  question  as  to  whether  the  numerous  auxiliaries 

located  in  the  main  engine  and  boiler  rooms  of  a  ship,  as  a  rule  mostly 

pumps,  for  which  the  alternate  motion  of  the  pistons  can  be  made 
directly  available,  should  be  actuated  by  electricity  or  by  steam,  the 
latter  being  evidentlv  the  more  convenient  wav,  and  we  will  confine 
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our  arguments  solely  to  machinery  located  outside  of  these  compart- 
ments. 

Let  us  see,  first  of  all,  the  steam  consumption  to  be  charged  to 

auxiliaries.  Mr.  White  found,  in  his  experiments  on  board  the  Min- 
neapolis, that  for  the  operation  of  the  auxiliaries  it  was  necessary  to 

generate  in  the  main  boilers  a  maximum  of  318.68  and  a  minimum  of 
55.06  pounds  of  steam  per  1.  H.  P.,  it  being  understood,  of  course, 

that  the  minimum  consumption  was  b}r  the  largest  machines  nearest 
the  boilers,  and  the  maximum  by  the  smaller  ones  more  remote  from 

the  boilers.  The  general  mean  consumption — that  is  to  say,  including 
the  apparatus  in  the  engine  and  boiler  rooms — was  found  to  be  119 
pounds  of  steam.  Hence  the  consumption  alone  of  the  auxiliaries 
outside  of  the  principal  engine  and  boiler  rooms  must  certainly  have 
been,  in  case  of  that  ship,  superior  to  this  figure.  It  is  true  that 
Mr.  Grove,  in  experiments  made  with  a  group  of  auxiliaries  on  board 
the  Japanese  battleship  Shikishinia  with  an  aggregate  power  of  65 
1.  H.  P.,  found  that  these  auxilaries  required  per  I.  H.  P.  little  more 
than  8  pounds  of  coal,  burned  in  Belleville  boilers  equipped  with 
economizers,  the  combustion  being  such  as  to  evaporate  from  9  to  10 
pounds  of  water  per  pound  of  coal  burned;  that  is  to  say,  the  steam 
consumption  was  about  36  kilograms  (79  pounds)  per  I.  H.  P.  But 
it  should  be  noted  that  all  the  machinery  of  this  ship  was  new  and  of 
the  latest  type,  the  piping  well  protected,  hence  the  whole  in  the  best 
conditions  of  efficiency. 

But  in  this  figure  of  Grove?s  no  account  has  been  taken  of  the  influ- 
ence, pointed  out  by  Durston  and  which  the  latter  had  ascertained  from 

some  experiments  carried  out  on  board  the  English  cruiser  Diadem 

(''Recent  trials  of  the  cruiser  Diadem"  Transactions  of  the  Institution 
of  Naval  Architects,  1898),  of  the  distance  of  the  auxiliaries  from  the 

boilers  in  operation,  which  experiments  showed  that  the  steam  con- 
sumption of  auxiliaries  increased  from  i}0  to  30  per  cent  when  fed  b}r 

boilers  further  remote  from  them.  Taking  this  into  account  and  refer- 
ring to  machinery  already  in  use  and  not  new,  we  may  assume  as  a 

minimum  average  the  figured  50  kilograms  (llo  pounds) per  I.  IT.  P. 
for  ordinary  auxiliaries  Located  outside  of  engine  and  boiler  rooms. 

The  dynamo  -team  motors,  in  a  rational  electric  installation,  must 
he  located  very  near  the  hoiler  rooms,  sometimes  also  contiguous  to 
the  main  engine  rooms.  These  motors  represent,  as  a  rule,  the  more 

powerful  of  the  ship's  auxiliaries.      They  are  of   the  double-expansion 
type  and  equipped  with  automatic  governors  lor  the  admission  of 
steam,  hence  very  economical  For  these  Robinson  admits  perl.  11.  P. 

a  consumption  of  26  pounds  of  -team  generated  by  the  boilers.  Allen 

-late-  (Discussion  of  Durston's  paper  above  referred  t<>)  that  for  the 
auxiliaries  of  the  British  cruiser  Amphit rite  the  consumption  wbs 

ascertained  to  he  about  l'7  pounds  per  electric  horsepower,  <-i 

pounds  pei-  i.  ii.  I*.;  and  22.67  pounds  of  dry  steam  per  L.  M.  P.  wbb 
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found  by  experiments  to  be  the  consumption  of  the  motors  of  the 

dynamo  on  board  the  Kentucky  ("Tests  of  the  electric  plants  of  the 
battleships  Kearsarge  and  Kentucky" a  by  Naval  Constructor  J.  J. 

Woodward.  Paper  read  November  15,  1900"  before  the  Society  of 
Naval  Architects  and  Marine  Engineers);  hence  the  26  pounds  per 

I.  H.  P.,  as  given  by  Robinson,  may  be  taken  as  a  maximum  mean 

consumption. 

A  good  modern  dynamo  motor  of  adequate  power  has  an  efficiency 

of  90  per  cent.  The  same  efficiency  at  least  ma}'  be  assigned  to  a 
good  dynamo, &  and,  granting  that  the  wiring  gives  an  efficiency  of  95 
per  cent  and  the  electric  motors  a  mean  of  80  per  cent  under  the  dif- 

ferent conditions  of  operation,  the  work  actually  gathered  at  the  shafts 

of  the  latter  will  be  61.5  per  cent  of  that  indicated  by  the  motor.  In 

other  words,  for  each  effective  horsepower  developed  by  the  electro- 
motors the  boilers  must  generate  on  an  average  19.5  kilograms  (43 

pounds)  of  steam. 

In  the  case  of  steam-driven  auxiliaries,  assuming  a  mean  coefficient 
of  70  per  cent  efficiency,  which  is  sufficiently  high,  especially  for  small 

one-cylinder  engines,  there  would  have  to  be  evaporated  in  the  boiler 
for  each  effective  horsepower  produced  71  kilograms  (156  pounds)  of 

steam.  With  transmission  by  electricity  there  would  therefore  be 

attained  a  greater  efficiency  of  72  per  cent. 

It  will  at  once  be  seen  that  this  result  means  a  great  saving  of  fuel 

in  the  case  of  a  large  ship  during  a  long  run  at  an  economic  speed  of  12 

knots  in  time  of  peace.  Let  us  assume  that  one-half  of  the  power  of 

all  the  auxiliaries  in  operation  is  absorbed  by  those  which  should  pref- 
erably be  continued  to  be  operated  by  steam,  and  the  other  half  by 

those  which  are  to  be  driven  electrically,  such,  for  instance,  as  all  ven- 
tilators (including  those  for  the  ventilation  of  the  main  engine  and 

boiler  rooms),  ash  hoists,  workshop  motor,  refrigerating  machine, 

water-closet  pump,  electric  lighting,  etc.  For  a  large  ship  of  about 
13,000  tons  displacement  and  13,500  I.  H.  P.  of  the  main  engines,  about 

3,500  1.  H.  P.  (one-fourth)  would  be  required  to  attain  a  speed  of  12 
knots,  which  is  economic  speed,  and  if  equipped  with  Belleville  boilers 

with  economizers,  granting  that,  in  order  to  supply  steam  for  all  appa- 
ratus, 1  kilogram  (2.20  pounds)  of  coal  is  burned  per  I.  H.  P..    the 

"In  these  same  experiments  it  was  found  that,  even  at  half  load,  these  motors  did 
not  consume  more  than  25.67  pounds  of  steam  per  I.  II.  P. 

&In  the  experiments  referred  to  in  the  preceding  not*1  it  was  found  that  set  X".  7 
of  the  Kentucky  gave  a  combined  efficiency  of  motor  and  dynamo,  with  full  load,  of 

82.2  per  cent,  which  was  the  average  of  25  experiments. 

cThis  figure  is  rather  low,  but  has  been  taken  purposely  in  order  to  assume  the 
most  unfavorable  case.     It  is,  moreover,  the  figure  attained  on  board  the  tirst-< 
ship  Goliath  of  the  English  navy  (to  which  all  the  data  of  the  example  chosen  refer) 
during  the  long  trial  trip  which  she  made  between   Plymouth  and  Colombo. 

"Memorandum  respecting  water-tube  boilers  in  Her  Majesty's  ships,  presented  to 

both  houses  of  Parliament  by  command  o\  Her  Majesty."'  London.  L900.) 
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coal  consumption  will  be  81.6  tons  a  day.  At  the  speed  under  con- 
sideration it  may  be  assumed  that  the  consumption  of  steam  required 

b\T  the  auxiliaries  will  be  at  least  20  per  centa  of  the  total  steam  gener- 
ated by  the  boilers,  and  hence  a  consumption,  on  the  part  of  these 

auxiliaries,  of  16.3  tons  of  coal  a  da}^  in  case  all  of  them  were  steam- 
driven,  while,  in  case  of  electric  drive,  on  the  basis  above  referred  to, 

there  would  be  a  saving  of  at  least  7  tons  of  coal  a  day.  In  a  cruise 
in  time  of  war,  where  it  would  often  be  necessary  to  operate  other 

auxiliaries,  such  as  ammunition  hoists,  turret-turning  gear,  air-com- 
pressing pumps,  etc.,  the  saving  would  be  still  greater;  and  there 

would  be  a  further  saving  in  the  services  required  when  at  anchor, 

where  the  auxiliaries  to  be  operated  are  usually  those  most  remote 

from  the  boilers,  as,  for  instance,  boat  winches,  capstans,  workshop 

motors,  water-closet  pumps,  etc.    . 
The  argument  of  economy  of  a  large  electric  installation  for  the 

transmission  of  power  is  thus  fulty  justified.  Nor  will  we  discuss  the 

advantage  of  such  an  installation  as  regards  reliability  of  operation. 

In  spite  of  the  preference  which  some  navies  still  have  for  hydraulic 

installations,  especially  for  the  operation  of  large  guns,  this  mode  of 

transmitting  energy  is  also  gradually  yielding  to  electric  apparatus  as 

the  latter  become  more  perfect  and  more  practicable,  which  is  evi- 

denced by  their  more  and  more  extensive  use,  for  this  particular  pur- 
pose also,  on  board  of  the  most  modern  ships. 

It  will  not  be  out  of  place  to  refer  also  to  the  question  of  weight 

and  space,  and,  in  order  not  to  make  h}Tpothetical  computations,  we 
will  take  an  actual  case  for  an  example,  namely,  that  of  the  electric 

plants  of  the  United  States  battleships  of  the  Kearmrge  type,  of 

which  even  the  most  minute  details  are  fortunately  known.6  As  to 

size,  these  ships  (12,375  tons)  differ  little  from  the  example1  previously 
referred  to.  They  have  on  board  electric  installations  whose  motors 

are  capable  of  developing  a  maximum  of  850  effective  horsepower;  and 

the  weight  of  the  same,  including  the  resistances,  switchboards, 

wiring,  etc.,  amounts  to  about  71  tons.  The  generating  sets  are  capa- 
ble of  developing  350  kilowatts  of  electric  energy,  and  the  total  weight 

of  steam  engines,  dynamos,  switch  boards,  measuring  instruments, 
Bteam  piping,  and  valves,  in  the  dynamo  room,  is  about  82  tons. 

A— inning  that  four-fifths  of  this  installation  are  required  for  the 
transmission  of  power,  we  have  a  total  of  L37  tons. 

*This  figure  i-  tin-  result  of  tin-  experiments  of  the  English  cruisers  Diana  and 
Hermes  (see  the  above-cited  Memorandum)  and  of  the  experiments  of  the  Argonaut 

"Trials  and  ei  i»  riments  in;i<lc  in  1 1.  \l.  s.  Argonaut"  by  sir  J.  Durston,  Tram 
actions  of  ftfaval  Architects,  1899). 

&See  ili<-  two  pit].'  Naval  Constructor  .1.  .1.  Woodward,  the  second  one  of 
whirl)  has  already  been  mentioned,  and  the  first,  entitled  "Electrical  Installations 
'»n  battleships,"  was  read  before  1 1  *  *  -  Society  of  Naval  Architects  and  Marine  I 
oeen  at  the  meeting  held  in  November,  1899. 

L300     02         21 
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For  auxiliary  steam  motors  we  ma}^  assume  a  mean  weight  of  60 
kilograms  (132  pounds)  per  effective  horsepower;  hence  the  850  horse- 

power first  mentioned  would  weigh  51  tons.  Let  us  remember  that 
the  figure  is  below  the  actual  weight  when  we  compute  at  30  tons  the 
weight  of  all  the  steam  and  exhaust  piping  required  for  the  service  of 
this  machinery,  the  weight  of  the  stop  valves,  of  the  water  in  the 

pipes  of  the  hydraulic  plant  which  would  be  required  for  the  opera- 
tion of  the  turrets,  the  weight  of  the  full  water  tanks  for  such  plant, 

and  the  weight  of  the  water  collecting  especially  in  the  steam-exhaust 
pipes.  We  have  thus  a  total  of  81  tons,  which  is  less,  it  is  true,  than 

the  137  tons  of  the  electric  plant.  But  it  seems  to  us  that  the  differ- 

ence is  more  than  compensated  by-  the  saving  in  coal.  In  the  case 
first  analyzed  the  ship,  with  a  maximum  coal  supply  of  2,300  tons,  at 
an  economic  speed  of  12  knots,  would  have  a  radius  of  action  of 

twenty-eight  days;  so  that  if  part  of  the  auxiliaries  were  driven  elec- 
trically there  would  be  a  saving,  on  the  above  basis,  of  at  least  196 

tons  of  coal,  which  could  have  been  saved  from  the  beginning  without 
impairing  the  autonomy  of  the  ship. 

Those  who  express  doubts  as  to  the  expediency  of  the  use  of  elec- 
tricity on  board  ship,  frequently  without  having  thoroughly  examined 

into  the  question  of  economy  and  weight  and  assigned  to  these  factors 
their  proper  value,  also  advance  the  question  of  space,  stating  the 

problem  about  in  these  terms:  a  The  space  required  by  electric  motors 
is  about  the  same  as  that  required  for  steam  auxiliaries.  The  space 
required  for  electric  connections  is  less  than  that  necessary  for  steam 

piping.  But  the  space  occupied  by  the  generating  station  or  stations 
for  the  transmission  of  power  is  much  greater  than  that  which  would 
be  required  if  the  use  of  electricity  were  limited  to  the  operation  of 
searchlights  and  some  of  the  ventilators  and  general  lighting,  and 
such  space  is  thus  used  to  the  detriment  of  the  coal  supply.  This  is 
not  correct,  and  it  is  easy  to  see  that  the  space  required  for  electric 
installations  outside  of  the  dynamo  room  is,  as  a  matter  of  fact,  less 

than  that  necessaiy  for  steam-driven  auxiliaries  performing  the  same 
services. 

For  the  maneuvering  of  the  heavy  gun  turrets,  the  electric  installa- 
tion requires  only  a  limited  space  under  the  turrets  themselves,  the 

same  space  that  would  be  occupied  by  tin4  hydraulic  machinery,  while 
the  latter  requires  in  addition  space  for  the  steam  pumps  for  com- 

pressing air  and  for  the  feed- water  tanks,  which  spaces  are  frequently 
subtracted  from  the  coal  bunkers,  and  owing  to  their  high  tempera- 

ture they  must  moreover  be  well  ventilated b.  Some  ships  have 
hydraulic  apparatus,  in  addition  to  the  steam  apparatus,  for  steering 

«  See  Melville's  paper  above  cited:  "  Electrically  driven  auxiliaries." 
&On  board  of  larjre  British  ships  having  hydraulically  operated  barbette  turrets 

there  is  for  each  barbette  a  steam  pump  of  250  I.  II.  P.  for  the  hydraulic  plant. 
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purposes,  others  have  large  boat  cranes  actuated  hydraulicallv.  F.or 
each  of  these  services  there  is  a  steam  pump  in  the  vicinity  of  the 
engines  and  boilers  for  compressing  the  water,  and  these  pumps, 
with  their  respective  water  tanks,  frequently  take  from  the  coal 
bunkers  spaces  that  are  by  no  means  negligible.  These  hints  are 
sufficient  to  show  that  a  comparison  of  the  total  space  required  for 
steam  and  electric  plants,  respectively,  is  perhaps  to  the  advantage  of 
the  latter. 

In  order  to  save  space,  the  different  sets  of  apparatus  of  the  gen- 
erating station  may  also  be  arranged  in  two  tiers,  under  the  protec- 

tive deck,  as  is  the  case  on  board  the  ships  of  the  Kearsarge  type,  thus 
assembling  in  a  small  space  a  powerful  center  of  energy. 

Another  advantage,  of  pureh7  mechanical  character,  is  that  in  all 
cases  where  great  power  is  required  for  starting  certain  apparatus, 
such  as  winches,  capstans,  turrets,  steering  engines,  ventilators,  etc., 
the  electric  motors  are  better  adapted  than  steam  motors,  because 
with  the  former  a  turning  moment  two  or  three  times  greater  than 
the  normal  can  be  obtained,  which  is  not  possible  with  the  latter 
motors;  moreover,  the  former  being  rotating  motors,  they  have  a 

maximum  effect  when  used  toward  putting  in  rotation  bodies  possess- 
ing inertia,  such  as  ventilators,  large  turbine  pumps,  gun  turrets,  etc. 

In  addition  to  the  economic  and  mechanical  advantages,  electric 
drive  on  board  ship  has  an  actual  military  advantage. 
The  drawbacks  of  transmission  of  power  by  steam  on  board  ship 

may  be  summed  up  as  follows: 
1.  Even  admitting  that  all  the  auxiliary  steam  piping  can  be  laid 

below  the  protective  deck,  and  admitting  further  that  all  the  motors 
above  this  deck  are  located  in  spaces  protected  by  armor,  there  still 

remains  the  possibility  of  a  shell  exploding  in  a  redoubt  after  pierc- 
ing its  armor,  or  of  shattering  the  structure  of  the  protective  deck, 

though  not  perforating  it.  In  either  event,  there  is  a  possibility  that 
the  steam  piping,  being  rigid,  will  be  injured  and  that  the  escape  of 
Bteam  will  render  some  spaces  inaccessible,  produce  excessive  noises, 
and  may  have  fatal  results  for  the  personnel. 

2.  The  in  Junes  can  frequently  not  be  repaired  with  the  resources 
on  board  and  may  temporarily  disable  the  ship. 

8.   The  steam  piping,  extending  frequently  from  the  extreme  bow  to 

tin*  extreme  stern,  in  order  to  serve  the  air-compressing  pumps  for  the 
torpedoes  and  the  steering  machine,  beats  the  spaces  through  which  it 
paS8eS,  and  sometimes  the  ammunition  rooms,  to   such  an   extent  as  to 

cause  deterioration  of  the  explosives,  which  are  becoming  more  and 
more  delicate,  and  to  render  it  almost.  Impossible  for  the  personnel  to 
remain  in  the  spaces  containing  the  machinery,  besides  being  a  cause 
of  additional  and  as  it  were  constant  consumption  of  energy  in  ren 
tilating  and  cooling  such  -pace-. 
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4.  Steam  motors  to  be  put  in  operation  require  certain  preparations 
which  take  time,  so  that  they  are  not  available  at  any  moment. 

For  the  transmition  of  energy  by  electricity,  on  the  other  hand,  the 

following  advantages  may  be  enumerated: 

1.  The  wiring  forms  a  sufficiently  flexible  system  to  sustain  slight 

displacements  without  being  disabled,  and  even  if  a  circuit  should  be 

broken  only  the  motors  which  it  feeds  would  be  put  out  of  action, 

without  injuring  the  personnel  or  causing  obnoxious  noises;  and  in 

view  of  the  resources  at  present  available,  and  skilled  personnel,  it 

would  be  easy  to  trace  the  injury  and  repair  it  within  a  short  time  with 

the  simplest  of  means  available  on  board. 
2.  With  the  use  of  electric  motors  the  excessive  heat  would  dis- 

appear, thus  serving  a  high  humanitarian  end  in  the  interest  of  the 

health  and  well-being  of  the  personnel  in  charge  of  them;  moreover, 

it  would  result  in  a  further  saving  by  reducing  the  power  of  the  ap- 
paratus designed  for  the  ventilation  of  the  spaces. 

3.  Electric  motors  need  no  period  of  preparations  for  being  put  in 

operation. 
One  requirement  mentioned  by  us,  which,  if  not  essential,  is  yet  highly 

important  for  attaining  a  maximum  of  economy  and  military  efficiency 

of  a  large  electric  installation  for  the  transmition  of  energy,  is  the 

existence  of  one  or  two  large  centers  for  the  generation  of  energy  in 

the  immediate  vicinity  of  the  main  engine  and  boiler  rooms.  It  might 

happen,  however,  that  the  exigences  of  war  rendered  it  necessary  to 

have  more  than  one  generating  center  distant  from  these  spaces. 

In  our  opinion  economy  and  military  efficiency  can  be  attained,  even 

in  this  event,  by  a  novel  solution  which  has  as  yet  not  been  tried  on 

board  of  ships,  namely,  by  actuating  the  dynamos  of  such  generating 

centers  by  means  of  petroleum  motors.  Now  that  automobilism  has 

made  motors  of  this  class  more  perfect  and  common,  we  see  them 
invade  industry  and  navigation  more  every  day.  Besides  numerous 

craft  now  propelled  by  such  motors  we  have  already  instances  of  sub- 
marine boats  with  petroleum  motors  of  up  to  160  effective  horsepower 

(United  States  and  English  submarines).  The  holy  terror  which 

inflammable  substances,  including  petroleum,  have  hitherto  inspired 

on  board  ship  will  gradually  vanish,  as  has  vanished  the  terror  of 

high  pressures  in  boilers  and  high  potentials  of  electric  currents,  when 

it  is  remembered  that  the  petroleum  can  be  kept  in  tanks  alongside 
the  dynamo  rooms,  with  outboard  communications  for  tilling  them,  in 

cool  spaces,  since  they  would  be  far  distant  from  the  steam  engines 

and  boilers,  and  that  the  progress  of  such  motors,  especially  those  of 

high  power,  tends  to  the  use  of  more  and  more  heavy  oils,  which  for 
that  reason  are  less  inflammable. 

The  advantages  of  petroleum  motors  for  this  purpose  may  be 
summed  up  as  follows: 
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1.  Lighter  weight,  since  motors  can  now  be  had  of  over  100  horse- 
power, weighing  not  over  10  kilograms  (22  pounds)  per  effective  horse- 

power. 
2.  Prompter  operation,  since  the  motors  can  be  made  ready  for 

operation  inside  of  a  few  minutes. 
.  3.  Better  inhabitability  of  the  dynamo  rooms,  since  there  is  no 

increased  heat,  provided  good  water  circulation,  either  forced  or 
induced  by  thermosyphon,  is  insured  around  the  cylinders  of  the 
motors. 

4.  Comparative  economy  of  operation,  the  consumption  of  these 
motors  varying  between  350  and  100  grams  of  ordinary  petroleum  per 

effective  horsepower  produced/'  and  eliminating  the  periods  of  light- 
ing and  urging  the  fires  required  in  steam  plants. 

5.  Great  speed  of  rotation  of  the  motors,  which  admits  of  connect- 
ing them  directly  to  the  dynamo. 

On  shore  electric  installations  with  petroleum  motors  are  already 
quite  common,  and,  owing  to  the  incontestable  advantages  which  they 
offer,  they  will  soon  make  their  way  on  board  of  ships  also. 

Let  us  now  cast  a  glance  at  the  development  which  the  electric 
transmission  of  power  has  attained  on  the  warships  of  the  different 
navies. 

Electricity,  as  previously  stated,  was  first  introduced  on  board  of 
warships  for  the  service  of  searchlights.  It  was  subsequently 
adopted  for  partial  lighting  and  then  for  the  entire  lighting  of  ships, 

and  later  for  the  transmission  of  power  by  motors.  Alternating  cur- 
rent, which  was  at  first  introduced,  was  soon  abandoned,  and  super- 
seded by  continuous  current  of  low  potential.  Recently  experiments 

have  also  been  made  with  polyphase  currents. 

The  generally  adopted  system  of  distribution  is  the  two-wire  sys- 
tem, with  the  main  circuits  in  the  shape  of  loops,  under  the  protective 

deck,  from  which  the  shunts  branch  off.  The  light  circuits  are  sep- 
arate from  the  power  circuits,  to  which,  however,  the  searchlights  are 

sometimes  connected.  The  number  of  circuits  varies.  From  a  mini- 

mum of  2  main  circuits,  one  for  lighting  and  one  for  power,  and  a 

separate  circuit  for  the  signal  lanterns,  as  adopted  by  the  Italian 
Davy,  it  rises  (o  a  maximum  of  IS  circuits,  as  found  on  board  of  the 
Japanese  battleship  Shikishvma,  *)  of  which  are  for  lighting,  4   for 

trchlights,  and  H  for  the  electromotors. 

The  question  of  potential,  much  discussed  in  all  navies,  is  yel  far 
from  having  been  definitely  settled.  Aiter  abandoning  the  original 

potentials,  which   were  rather  low.  the  English  and   United  States 

"Tin-  present  \i\^\\  price  of  petroleum  in  Italy  i-  due  mainly  t<>  the  high  duty.  It 
should  he  noted,  also,  thai  with  thii  kind  <•!  tnoton  the  consumption  If  <>i»\  lated 
which  occure  in  iteam  tnoton  for  lighting  and  putting  out  tin-  boiler  Area  and  for 
urging  them. 
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navies  have  stopped  at  present  at  80  volts,  which  appears  to  be  a  suit- 
able compromise  between  the  potential  required  for  searchlights  and 

that  which  renders  good  efficiency  for  the  light  plant.  But  the  Amer- 
icans do  not  seem  satisfied  with  it.  On  the  Kentucky  and  Kearsarge 

they  are  trying  a  three-wire  system  in  order  to  obtain  voltages  of  both 
80  and  160  volts,  with  the  latter  of  which  the  majority  of  the  motors 

are  fed  at  full  speed,  with  the  advantage  that,  when  fed  by  80-volt  cir- 
cuits, they  attain  about  one-half  the  full  speed.  The  three- wire  sys- 

tem, however,  entails  considerable  weight  of  the  wiring  and  greater 
complication.  Nevertheless,  it  would  be  interesting  to  learn,  some 
time  hence,  the  results  attained  on  these  ships.  The  French  navy, 
also,  has  passed  from  70  to  80  and  85  volts,  but  does  not  appear  to 
have  exceeded  the  latter  voltage,  while  the  Italian  navy  has  passed 
from  65  to  110  volts,  which  voltage  has  also  been  adopted  for  the 
installations  on  board  of  German  warships.  But  Russia  adopted  this 
voltage  before  either  Italy  or  Germany  did.  On  board  some  of  the 

ships  of  the  Austrian  navy  (coast-defense  armor  clads  Budapest, 
Wien,  and  Monarch)  a  mixed  system  of  distribution  with  continuous 

current  and  polyphase  current  is  being  tried.  The  compound  dyna- 
mos have  their  armatures  so  arranged  that  at  one  end,  at  the  brushes, 

continuous  current  is  gathered,  and  at  the  other  end,  with  collector 

rings,  three-phase  current. 
The  slow  but  steady  growth  of  the  voltage  of  electric  plants  will 

surely  not  stop  where  it  is  now.  As  these  plants  gain  in  importance 
the  weight  and  cost  of  wiring  at  low  potential  becomes  more  and  more 
onerous,  while  the  weight  of  dynamos  and  motors  remains  very  great. 
Nowadays  industry  furnishes  material  whose  insulation  is  well  adapted 

to  stand  the  wholly  metallic  atmosphere  of  a  modern  warship;  the  per- 
sonnel for  operating  and  preserving  it  is  becoming  more  and  more 

skilled,  and  if  the  three-wire  system  on  board  the  American  ships  gives 
good  results  at  a  pressure  of  160  volts  there  is  nothing  to  prevent  our 

going  even  be}rond  that  figure,  and  as  a  proof  that  it  is  possible  we  will 
cite  the  fact  that  the  Italian  submarine  boat  Ddfino  has  had  in  opera- 

tion for  the  last  five  years  an  electric  installation  which  at  full  power 
works  at  500  volts  and  at  half  power  at  250  volts.  The  results  have 
been  such  that  we  need  not  regret  for  an  instant  having  taken  the  bold 
initiative. 

In  view  of  the  present  state  of  perfection  of  electric  material,  it  is 
our  opinion  that  even  now  a  pressure  of  250  volts  can  be  risked  on 
board  ship  without  hesitation,  at  a  great  saving  in  price  and  weight  and 
a  corresponding  economy  in  operation.  The  searchlights  would  not 

be  an  obstacle,  for  they  can  be  connected  in  series  and  suitable  resist- 
ances put  in  the  circuit  when  not  operated  simultaneously. 

We  now  come  to  the  ratio  of  the  potential  of  electric  plants  to  the 

displacement  of  the  ship.     The*  data  for  t ho  different  navies,  as  shown 
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in  the  following-  table,  vary  considerably.  Omitting  the  ease  of  the 
coast-defense  armor  clstfL^Egrir  of  the  German  navy,  where  the  produc- 

tion of  electric  energy  as  compared  with  the  displacement  assumes 
truly  remarkable  proportions,  the  reader  will  see  that  the  Russian 

navy  is  the  most  interesting  in  this  respect.  It  is  followed,  in  descend- 
ing order,  by  the  United  States  Navy,  the  German,  Italian,  French, 

English,  and  Japanese.  It  is  not  easy  to  trace  the  causes  which  may 
have  influenced  the  different  navies  in  the  greater  or  less  development 
of  electric  energy  on  board  ship,  but  the  fact  remains  that  the  youngest 
navies,  like  the  Russian,  United  States,  and  German,  are  the  ones  which 
in  the  matter  of  electric  service  on  board  ship  have  preceded  all  others, 

including  the  Japanese  navy,  which,  though  }roung — very  young,  even — 
is  yet  entirehr  modeled  after  the  British  navy. 

Ship. 

Russia. 

Admiral  Nakhimoff 

Tsarevitch   

United  States. 

Kentucky  type   

Virginia  type   

New  cruisers   

Germany. 

Aegir  type   

F.  Bismarck  type .. 
i 

Italy. 

Garibaldi  type   

Mar^hc-rita  type  .  . . 

France. 

Montcalm  type   

Carnot  type   

England. 

Drake  type   

Japan. 

Bblkiahima   

Displace- ment 
in  tons. 

8,500 

12,900 

11,700 

16,250 

14,000 

3,754 

10,050 

Type  of  ship. 

Armored  cruiser 

Batt    

  do   

  do   

Armored  cruisers. 

JCoast-deiense  ar- 
l    mor  clad. 
Armored  cruiser. 

7,350      do   

13,427      Battleship. 

9,516     Armored  cruiser., 
n,  oh*;    Battleship   

14,:5'25      Armored  Cruiser.. 

15,0X7 Battleship. 

Num- 

ber of 

dyna- 

mos. 

Amperes 

per 

dynamo
. 

400 

700 

1,000 
640 

625 

1 ,  250 625 

1,250 625 

400 

275 

590 

300 

910 

400 

600 

600 

two 

Volts. 

110 110 

120 110 

80-160 

80 80 

80 

80 

120 

120 

110 

110 

110 

80 
OS 

so 
Ml 

Total 
energy  of 
electric 

plant. 

Kilowatts. 

404 
580 

350 

600 

500 

342 

325 

132 

400 

128 

•201 

192 

Ml 

Ratio 
between 
energy  in 
kilowatts 

and 

displace- 

ment. 

0.047 

.045 

.030 

.037 

.035 

.091 

.032 

.018 

.030 

.018 .017 

018 

iK»y 
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Grove,  in  his  paper,  compiles  a  table  to  show  the  different  maximum 
powers,  in  electric  horsepower,  of  the  motors  devoted  to  the  different 
services,  in  case  of  extensive  electric  drive  on  board  a  ship  of  15,000 
tons.  But  his  estimate  is  not  complete,  because  the  use  of  electricity 

ma}T  be  of  even  greater  extent.  Thus,  for  instance,  the  operation  of 
water-tight  passage  doors  and  bunker  doors  may  be  effected  by  means 

of  electric  motors,0  whose  power  may'  be  of  4  electric  horsepower  for 
bunker  doors  and  2  for  passage  doors.  So  also  may  large  centrifugal 

pumps  for  the  ejection  of  large  masses  of  water  from  bilges  be  actu- 
ated directly  by  electric  motors. 

On  board  the  Russian  cruiser  Admiral  NaJchimoff  there  are  five  such 

centrifugals  with  motors  of  60  electric  horsepower  each.^  Further- 
more, it  is  well  known  that  heating  by  electricity  has  also  been  intro- 
duced on  board  ship.  This  mode  of  heating  is  especially  adapted  to 

smaller  spaces,  such  as  staterooms.  We  call  attention  to  the  installa- 
tions of  this  kind  already  in  operation  on  board  of  several  trans- Atlantic 

steamers,  with  heaters  absorbing  about  550  watts  ea^h,  or  about  two- 
thirds  of  an  electric  horsepower. 

In  our  opinion,  it  would  also  be  very  expedient  to  extend  the  use  of 

electricit}^  more  generally  to  anchor  capstans.  Two  reasons  should 
lead  thereto:  (1)  That  by  the  use  of  electric  motors  much  greater 

power  than  otherwise  can  be  obtained  instantly;  (2)  that  it  would  obvi- 
ate the  consumption  of  steam  resulting  from  the  great  distance  of  the 

capstan  motor  from  the  boilers.  The  first  anchor  capstan  with  electric 

motor  was  set  up  on  board  the  German  coast-defense  armor-clad  Aegir, 
but  has  since  been  abandoned,  while  the  British  navy,  although  the 
most  conservative  of  all  with  regard  to  this  mode  of  service,  placed 
such  capstans  on  board  the  Duncan,  Irresistible^  and  other  similar 
ships,  and  appears  to  have  definitely  adopted  them  for  all  new  ships. 

Taking  as  a  basis  the  example  given  by  Grove,  of  electric  drive  on 

board  a  war  ship  of  15,000  tons,  and  adding  thereto  the  uses  not  con- 
sidered by  him,  namely,  the  operation  of  water-tight  doors  (10  passage 

and  16  bunker  doors),  the  turbines  for  the  ejection  of  large  masses  of 

water,  the  electric  heaters  for  living  spaces,  the  motor  for  the  refrig- 
erating machine  and  for  the  anchor  capstan,  and  with  better  appor- 

tionment of  the  energy  required  for  the  different  services,  as  compared 

«  Electric  operation  of  water-tight  doors  is  found  on  the  Italian  battleship  St  Bon 

and  the  IT.  S.  cruiser  Atlanta  (see  C.  Laurenti,  "Porte  stagne  a  manovra  elettrica" 
(electrical ly  operated  water-tight  doors),  Rivista  Marittima.  .Ian.,  1900). 

6  A  large  centrifugal  of  this  kind  with  electric  motor  has  also  been  set  up  on  hoard 
the  Italian  ship  Puglia,  and  others  have  been  designed  for  the  ships  i^i  the  Regina 
Margherita  type. 
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with  the  plants  on  board  of  the  United  States  ships/'  we  should  arrive 
at  the  following  figures: 

Electric 
horsepower. 

Ventilators  for  different  spaces  of  the  ship  and  for  forced  draft  of  the  boilers.  250 

.Steering  motor    200 

Anchor  capstan    50 
Deck  finches    170 

Boat-hoisting  winches    150 

Winches  for  hoisting  fuel  and  ashes    100 

Workshop  motor    5 

Refrigerating  machine    10 

Motors  for  operating  turrets,  guns,  and  rammers        250 
Ammunition  hoists    150 

Air-compressing  pumps    10 

Motors  for  water-tight  doors    84 
Turbines  for  ejecting  large  masses  of  water    300 

Electric  heating  of  living  spaces    27 

Total   &  1,756 

In  order  to  compute  the  power  to  be  assigned  to  the  generating 
centers,  for  comparison  with  the  maximum  requirement  of  the  power 
plant,  we  must  preface  some  observations.  For  operating  the  turrets 

of  the  Kearsarge,  with  two  13-inch  guns  each,  although  there  are  in 
each  of  them  two  motors  of  50  electric  horsepower,  the  tests  have 
shown  that  the  maximum  consumption  was  40  horsepower,  with  either 

"The  plants  on  board  the  U.  S.  battleships  Kentucky  and  Kearsarge  are  composed 
as  follows: 

Services  performed  by  the  motors. 

Turning  of  two  armored  turrets   

Rammers  of  four  13-inch  gnus   

Operation  of  four  13-inch  guns   
Ammunition  hoists: 

13-inehguns   
8-inch  guns   

67-milimeter  guns   
Endless  chains  of  main  hoists   

Air-compressing  pumps   
Ventilators  for  different  spaces  and  tor  forced  draft. 

•  -u <l  boal  cranes   
After  boat  cranes   

Deck  winches   

Number  of 
motors. 

4 

4 

4 

4 

4 

2 

in 

8 

li 

•> 

2 

Maximum 

power  of each motor. 

Electric 

kOT8t  power. 
50 

5 

21 

20 

6 

0 

3$ 

8 
12 

20 

Total 

.,'.( 

Total  elec- 
tric horse- 

power. 

200 

20 

10 

BO 

J I 

12 

87.5 
9 

108 LOO 

10 

160 

''Mr.  s.  Dana  Greene  (previously  cited)  states  tliat  all  the  auxiliary  motors  of  a 
modem  first-class  battleship,  hence  Including  tli<..»»-  in  the  engine  and  boiler  rooms, 
require  2,000  horsepower;  tint*  he  confirms  our  figures,  taking  into  consideration  the 
Increased  energ}  introduced  by  us  for  other  services  no1  usually  performed  bj  steam 
motors. 
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one  or  two  motors  in  use/'  On  board  the  Russian  cruiser  Admiral 

Nakhimoff,  the  electric  motors  of  the  turrets,  with  two  9-inch  guns, 
require  15  electric  horsepower  with  the  ship  in  a  horizontal  position 
and  30  electric  horsepower  with  the  ship  listing.  Hence,  in  the  case 

under  consideration  of  a  ship  with  two  13-inch  turrets,  we  may  assume 
that  the  maximum  power  required,  as  effective  consumption,  is  50 
horsepower.  We  may  further  assume  that  the  maximum  power 

required  for  the  ammunition  hoists  is  four-fifths  of  that  which  would 
be  necessary  if  all  of  them  simultaneously  were  using  maximum  power. 
Let  us  suppose  further  that  in  the  most  unfavorable  case,  in  battle, 

all  the  ventilators,  ash-hoisting  winches,  and  compressor  pumps  were 
in  operation,  and  that  the  steering  gear  were  operated  at  full  power, 
the  maximum  energy  required  would  be  800  electric  horsepower  at  the 
motors,  or,  taking  into  account  the  mean  efficiency  of  95  per  cent  of 

the  line,  620  kilowatts  at  the  generating  center.  Granting  that  addi- 
tional 50  kilowatts  are  required  for  lighting  and  at  most  60  kilowatts 

for  the  search  lights,  the  power  of  the  generating  center  would  have  to 

be  730  kilowatts;  that  is  to  say,  one  and  one-fourth  times  that  esti- 
mated for  the  latest  battleships  of  the  United  States  Navy. 

Into  how  many  sets  should  this  power  be  subdivided?  Such  sub- 
division is  governed  by  the  number  of  generating  centers,  which,  of 

course,  must  be  protected — that  is,  located  below  the  protective  deck 
or  within  the  armored  redoubt.  The  ships  hitherto  built  have  as  a 

rule  only  one  generating  center;  but  the  idea  of  two  generating  cen- 
ters, one  forward  and  one  aft,  is  beginning  to  find  favor  and  will  be 

carried  into  effect,  for  instance,  on  the  Italian  ships  of  the  Hegimt 
Margherita  type,  while  it  has  already  been  consummated  on  board  the 

French  cruiser  D' ) Entrecasteaux  (8,11-1  tons)  and  on  several  ships  of 
the  Russian  navy,  namely,  the  Bayan  (7,800  tons),  the  Tsesarevich*  and 
the  Nakldmoff,  the  latter  having  three  such  centers,  two  aft  and  one 
forward.  Such  subdivision  is  advisable  only  for  reasons  of  a  military 
character,  as  it  diminishes  the  general  economy  of  the  installation. 

As  to  the  power  of  the  different  electric  units  or  sets  into  which  the 

power  of  each  center  should  be  subdivided,  econonry  of  weight,  oper- 
ation, and  cost  render  it  advisable  to  make  it  as  great  as  possible. 

The  most  powerful  sets  at  present  in  use  are  of  100  kilowatts,  but 
experts  counsel  the  adoption  of  sets  of  150  and  200  kilowatts,  prefer 
ably  the  latter,  in  conjunction  with  a  few  sets  of  50  kilowatts  in  order 
to  provide  for  the  limited  requirement  of  energy  for  services  in  port 

It  can  not  be  denied  that  d}Tnamos  possess  the  advantage  that  for  a 
certain  length  of  time — an  hour  or  two — they  can  be  urged  to  yield. 
without  any  risk,  one  and  one-half  times  their  maximum  normal 
capacity,  and  the  respective  steam  engines  should  be  proportionate  to 

«See  the  paper  previously  referred  to,   "Tests  of  the  electric  plants,"  etc. 
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such  exceptional  capacity,  in  order  that  it  may  be  available  in  case  of 

emergency. 

The  continuous-current  dynamos  and  motors  used  on  board  ship  are 
of  the  ordinary  commercial  type  and  have  no  special  features.  The 

d\mamos  and  large  motors  are  -i-pole  and  sometimes  6-pole,  as  on  the 
Karsarge  and  Kentucky. 

The  steam  engines,  coupled  to  the  dynamos,  are  of  different  types — 

single,  compound  or  triple-expansion,  vertical,  of  from  300  to  400 
revolutions  a  minute,  all  with  automatic  expansion  governors.  Of 

late,  for  large  installations,  steam  engines  of  500  and  more  revolutions, 
with  forced  lubrication,  have  been  introduced.  Steam  turbines,  which 

were  used  at  first,  disappeared  afterwards,  but  at  present  they  are 

beginning  to  reappear  as  the  result  of  recent  important  improvements. 

Their  principal  advantages  are  the  small  space  they  require,  the  absence 
of  vibrations,  and  small  weight. 

The  electric  motors  adopted  on  board  ship  have  nearly  all  water-tight 

casings  for  protection  from  water  and  coal  dust.  Their  water-tight ness 
is  tested  by  jets  of  water  under  pressure  against  the  casing.  The 

increase  of  temperature  allowed  in  the  operation  of  electric  dynamos 

and  motors  varies  in  different  navies.  In  the  tests  of  the  electric  plants 

of  the  Kearsarge  and  Kentucky  there  was  in  a  single  set  only  the  max- 
imum increase  of  temperature  in  the  armature,  at  full  load,  of  23.5 

C,  the  temperature  of  the  room  being  35.5°  C. ;  that  is  to  say,  the 
temperature  of  the  armature  was  59°  C,  while  on  board  the  French 

cruiser  D* Entrecastea/ux  the  temperature  of  one  armature  was  100°, 
the  temperature  of  the  room  being  27°  to  28°/'  While  it  is  not  advis- 

able to  allow  an  excessive  increase  of  temperature  of  the  dynamos  so 

a>  not  to  compromise  their  existence,  it  is  not  well,  on  the  other  hand, 
to  set  the  limit  too  low  so  as  not  to  increase  the  weight  too  much.  An 

increase  of  20°  to  30°,  in  cither  dynamo  or  motor,  seems  admissible. 
At  each  generating  center  there  is  a  switchboard  with  all  the  meas- 

uring and  regulating  apparatus,  the  resistances,  circuit  breakers,  etc. 

By  means  of  this  switchboard  the  dynamos  can  all  be  placed  in  parallel. 
Near  each  motor  is  another  small  switchboard  with  the  necessary  circuit 
breakers  and  rheostats,  and  sometimes,  when  the  control  of  several 

Dear  motor-  can  be  united  on  one  board,  there  may  also  be  some  meas- 

uring instruments.  The  two  wires  of  one  and  the  same  circuit,  espe- 
cially of  the  more  important  ones,  are  always  separate:  the  return  of 

the  current  Is  never  through  the  ship's  hull.  The  lead-protected  cables 
which    have  been  in  general  use  in  electric  installations  on    hoard    ship 

are  beginning  to  be  abandoned.  At  present,  outside  of  the  usual  insu- 

lating layer,  they  are  protected  by  -hcci  'nun  casings,  with  removable 
coverings,  and  where  there  Is  lack  of  space  thej  run  in  iron  tubes 
varnished  on  the  inside  with  some  insulating  composition.     Thus  |»i»» 

i  e  Rh  ieta  Maritthiia,  November,  1899,  p,  849. 
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tected  they  are  carried  through  engine  and  boiler  rooms,  coal  bunkers, 
ammunition  rooms,  etc.  Proper  provisions  are  made  for  carrying 

them  through  water-tight  bulkheads. 
Before  leaving  this  argument,  it  may  not  be  superflous  to  speak  of 

the  system  which  has  found  such  general  favor  for  steering  by  means 
of  electricity.  The  steam  steering  machines,  which  until  recently  have 
been  used  almost  exclusively,  are  of  all  the  auxiliary  motors  the  least 

economic  for  this  purpose,  either  because  they  do  not  work  with  expan- 
sion, or  owing  to  their  great  distance  from  the  boilers.  Hence  electric 

transmission  of  power  for  this  purpose  offers  the  greatest  advantages. 

The  system  adopted  by  the  United  States  and  Russian  navies a  and 
also  b}r  many  merchant  vessels  is  that  of  the  Electro-Dynamic  Com- 

pany of  Philadelphia.  It  is  not  clearly  understood  why  the  manu- 
facturing company  prefers  to  have  the  motor  or  excitor  dynamo  at  the 

generating  center,  while  sending  the  current  to  the  field  of  another 

large  motor  situated  in  the  same  compartment,  which  latter  is  emplo\'ed 
for  the  large  dynamo  intended  to  furnish  current  to  the  steering  motor. 
This  greater  complication  might  be  obviated  to  the  advantage  of  the 

weight  and  bulk  of  the  plant.  In  any  event,  the  fact  that  the  sys- 
tem has  been  extensively  adopted  by  the  navies  mentioned,  for  the 

smallest  vessels  to  the  largest  battleships,  indicates  that  it  answe  rs  al 
the  requirements  of  such  apparatus. 

Aside  from  the  power  and  lighting  circuits,  all  the  other  electric 
circuits  on  board  are  secondary  circuits,  located  in  any  part  of  the  ship, 
and  generally  fed  by  dry  cells  or  accumulators.  The  most  important 
ones  among  these  circuits  are  those  for  the  transmission  of  commands, 

which  are  being  constantly  perfected  and  are  acquiring  great  impor- 
tance on  board  of  warships.  The  transmission  of  orders  through  voice 

tubes,  as  now  in  general  use,  loses  its  efficacy  in  battle  by  reason 
of  the  firing  of  guns  and  the  noise  of  the  many  apparatus  in  motion. 
In  this  case,  also,  electricity  is  acquiring  indirect^  high  military 
importance,  for  the  reason  that  it  eliminates  certain  drawbacks,  that 
the  wires  are  not  so  easily  disabled  as  the  voice  tubes  in  case  of  local 
injuries,  and  that  they  can  be  more  readily  repaired.  Nor  should  the 

advantage  be  overlooked  that  the  same  order  can  be  transmitted  simul- 
taneously to  several  places,  thus  obviating  the  danger  of  orders  receiv- 

ing erroneous  interpretation  by  repetition. 
The  functions  which  electricity  will  be  called  upon  to  discharge  in 

the  future  on  board  ship  can  not  be  foreseen,  but  before  long  it  will 

surely  have  superseded  on  all  warships  the  steam-driven  auxiliaries 
scattered  through  the  different  spaces. 

rtThe  following  ships  of  the  United  States  Navy  are  equipped  with  electric  steering 
gear:  Battleships,  Pennsylvania,  Ohio,  and  Indiana;  cruisers,  Baltimore  and  Brooklyn; 
besides  8  tenders.  Of  the  Russian  navy:  Battleships,  OsHabya,  Alexander  III,  PobiedOj 
Peresriet,  and  Retvisan;  cruisers,  Oromohoiy  PalUula,  and  Yariag. 
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On  shore  it  has  been  found  expedient  in  the  high-speed  locomotives 
to  actuate  the  shafts  by  means  of  electric  motors  fed  by  the  current  of 

a  dynamo  located  in  the  locomotive  itself.  And  would  it  not  be  pos- 
sible that  some  day,  especially  with  the  introduction  of  the  steam  tur- 
bine, it  would  be  found  expedient  to  transform  the  main  engine  room 

of  a  ship  into  a  great  generating  center  of  electric  energy,  which,  radi- 
ating current  to  all  the  different  parts  where  work  is  to  be  performed, 

would  also  be  used  for  the  motors  intended  for  the  propulsion  of  the 
ship  ? 
Nowadays  it  is  no  longer  safe  to  smile  at  anything  which  at  first 

sight  may  seem  impossible,  and  in  this  case  it  is  truly  to  be  hoped  that 
it  will  be  realized,  considering  that  the  great  displacements  toward 
which  all  navies  are  tending  would  render  the  increase  of  weight 
resulting  therefrom  less  onerous.  And  how  many  other  advantages, 
especially  of  a  military  character,  would  be  gained!  First  among 
them  the  possibility  of  actuating  directly  from  the  bridge  or  conning 
tower  the  propellers  of  the  ship. 

In  any  event,  it  is  certain  that  the  great  future  of  electricity  on 
board  of  warships  is  becoming  more  and  more  assured. 





V. 

WIRELESS  TELEGRAPHY. 

By  Lieutenant  Charles  L.  Poor,  United  States  Navy, 

Staff  Intelligence  Officer. 

The  material  progress  of  the  year  in  wireless  telegraphy  may  be 
said  to  be  in  the  matter  of  length  of  transmission,  in  which  wonderful 
advance  has  been  made.  Something  has  been  done  in  syntony  also, 
but  unfortunately  in  far  less  degree,  for  this  latter  is  of  more 
importance  for  naval  purposes  than  distance  of  transmission. 

Before  proceeding  to  a  brief  review  of  progress  in  this  more  impor- 
tant matter  of  syntony,  it  may  be  well  to  note  briefty  the  remarkable 

feats  in  transmission  accomplished  by  Marconi  during  the  past  year, 
though  his  wonderful  results  have  been  made  generally  familiar. 
On  December  11  and  12,  1901,  using  a  receiving  wire  400  feet  in 

height,  supported  by  a  kite,  Mr.  Marconi  claims  to  have  received  at 
Signal  Hill  Station,  St.  John,  Newfoundland,  signals  transmitted  from 

hi-  exceptionally  powerful  station  at  Poldhu,  Cornwall,  England,  dis- 
tant from  the  point  of  reception  about  1,800  miles.  The  signals,  which 

were  in  the  form  of  the  repeated  sounding  of  the  letter  "S,"  were  very 
faintly  noted  in  a  microphone  receiver.  It  is  stated  that  Poldhu  had 

attempted  for  some  time  to  transmit  "S"  to  Newfoundland  before  the 
signals  were  heard  finally  by  Mr.  Marconi.  No  further  communica- 

tion or  any  regular  signals  are  stated  to  have  been  sent.  Atmospheric 

''strays"  might  so  easily  account  for  the  sounding  of  "S"  in  the  very 
delicate  receiver,  and  the  distance  transmitted  was  so  unprecedented, 
thai  the  scientific  world  was  disposed  to  be  very  doubtful  and  incredu 

Ion-  a-  to  the  actual  genuineness  of  this  experiment.  In  a  later  series 
of  tests,  however,  carried  ovA  on  board  the  steamship  Philadelphia^ 
Mr.  Marconi  would  seem  to  have  substantiated  his  claim  to  great 

results,  for  the  messages  were  taken  on  a  recording  instrument  and 
corroborated  by  the  officers  of  the  vessel. 

The  Philadelphia  sailed  from  Cherbourg  on  Saturday,  February  L, 
at  i>  ]>.  m.    Two  hundred  and  fifty  miles  west  of  Poldhu  the  iii  t 
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experimental  message  was  received,  which  read,  "Stiff  southwest 
breeze.  Fairly  heavy  swell."  That  same  night,  when  the  Philadel- 

phia was  500  miles  off  Cornwall,  a  second  message  was  received,  read- 

ing, "All  in  order.  Sign.  Do  you  understand?"  Both  of  these 
messages  the  chief  officers  of  the  ship  signed.  On  the  4th,  when  the 

Philadelphia  had  passed  the  1,000-mile  mark  of  her  vo3Tage,  the  captain 

and  first  officer  of  the  vessel  received  a  message,  "Fine  here.  Thanks 
for  telegram."  The  following  morning  saw  the  receipt  of  a  fourth 
message,  when  the  Philadelphia  was  1,163  miles  west  of  Poldhu.  It 

read,  "May  every  blessing  attend  you  and  your  party."  The  fifth 
message,  which  was  the  last  that  came  in  words,  was  received  on  the 
same  day  at  a  distance  of  1,551  miles,  and  its  import  was  somewhat 
similar  to  that  of  the  second.  After  the  receipt  of  the  fifth  message 

the  letter  "S"  was  telegraphed  by  the  operator  at  Cornwall  merely  to 
inform  those  on  board  the  vessel  that  the  station  was  still  at  work. 

Finally,  when  the  liner  had  passed  the  two  thousand  and  ninety-ninth 
mile,  the  tests  were  stopped.  The  messages  mentioned  were  only  a 
few  of  those  actually  received.  Communication  was  kept  up  almost 
constantly;  but  it  was  deemed  unnecessary  to  submit  to  the  public 
more  than  half  a  dozen  signed  tapes. 

In  connection  with  these  experiments  it  is  claimed  that  the  UmbriiU 
equipped  also  with  Marconi  apparatus  and  following  the  Philadelphia 
closely  was  unable  to  intercept  the  messages  to  her.  This  would 
appear  to  be  a  triumph  for  syntonv.  were  it  not  for  the  fact  that  the 
TJnibrids  operator  was  hardly  a  disinterested  person,  and  we  have  no 
assurance  of  sincere  effort  on  his  part  to  intercept  the  messages,  or  to 
emit  confusing  waves  himself. 

The  claim  would  be  more  impressive  and  more  convincing  had  the 
following  vessel  been  equipped  with  a  rival  system  or  had  her  Marconi 
apparatus  been  operated  by  naval  authorities.  It  is  sincerely  hoped 
that  thorough  and  impartial  tests  will  soon  be  undertaken  to  sift  fully 
the  various  claims  now  being  made  as  to  immunity  from  interception 

or  interference.  The  following  notes  on  syntonv  from  the  very  thor- 
ough lecture  on  wireless  telegraphy  by  Captain  Ferric,  of  the  French 

army  telegraph  service,  cover  the  ground  of  progress  to  date: 

SYNTOXIZATIOX. 

The  equipments  we  have  indicated  in  the  foregoing  utilize  the  phenomenon  of 

multiple  resonance;  that  is,  the  effect  of  electric  hammer  blows  produced  by  the  very 

deadened  oscillations  of  the  transmitter  upon  the  resonator  constituted  by  the 
receiving  antenna. 

Efforts  have  been  made  to  improve  the  utilization  of  the  energy  by  according  the 

receiving  antenna  with  the  period  of  the  oscillation  made  by  the  transmitting 

antenna.  A  first  attempt  was  made  by  Marconi,  who.  without  making  any  change 

in  the  transmitting  arrangement,  constructed  for  the  reception  a  sort  oi  special  trans- 

former whose  primary  was  in  series  with  the  antenna  and  the  earth,  and  whose  - 
ondary  was  interposed  in  the  circuit  of  the  coherer.  The  length  and  form  of  tin 

geries  windings  were,  it  seems,  functions  of  the  antenna1  heights:  that  is.  oi  the  periods. 
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Whatever  the  exact  role  of  this  transformer,  it  is  certain  it  enabled  its  inventor  to 
better  notably  the  distances  of  communication  obtained  where  the  coherer  was 
directly  connected  to  the  antenna.  As  an  offset  it  did  not  permit  a  clear  sorting 
between  the  transmitted  oscillations  and  different  periods. 
The  periods  obtained  at  the  transmitter  are  not  themselves  very  distinct,  as  we 

have  seen  above.  An  effort  was  then  made  to  regularize  this  period  and  obtain  a 
maximum  of  utilized  energy  by  diminishing  as  much  as  possible  the  deadening  of  the 
oscillations  of  the  antenna.  Two  schemes  are  at  present  in  use,  or  rather  are  actually 
made  public.  Both  are  organized  in  such  a  manner  that  the  antenna  no  longer  plays 
a  notable  part  in  the  formation  of  the  oscillations.  The  latter  are  produced  in  closed 
circuit;  that  is,  with  very  distinct  periods  and  without  perceptible  deadening.  The 
antenna  only  serves  to  transmit  the  vibratory  movement  to  the  ether. 
The  first  of  these  arrangements  employed  by  Marconi  is  arranged  as  follows 

The  oscillations  are  produced  in  a  closed  circuit  of  the  oscillator  S  of  a  capacity  K 
and  of  the  primary  of  an  ansonval  transformer  N. 
They  have,  therefore,  a  well-defined  period,  T  =  2  it  y/  L  C,  since  L  and  C  are 

equally  defined.  Those  oscillations  induce  others  in  the  secondary  of  the  trans- 
former, one  extremity  of  which  is  connected  to  the  earth  and  the  other  to  the 

antenna.  It  should  be  remarked  that  from  the  moment  that,  in  this  case,  stationary 
waves  are  still  produced  in  the  antenna,  it  becomes  necessary,  in  order  to  obtain  a 
maximum  utilization  of  the  energy,  to  have  a  maximum  loop  of  electromotive  force 
at  the  top  of  the  antenna  and  a  node  at  the  earth;  in  other  words,  the  circuits  of  the 
Oscillator  and  the  antenna  must  be  accorded.  This  result  is  obtained  in  varying 

tentatively  for  a  determined  length  of  antenna  the  capacity  K  or  the  number  of 
turns  of  the  secondary  of  the  transformer. 

In  order  to  syntonize  the  receiver  on  the  period  of  the  transmitted  oscillations 

Marconi  employe  for  the  reception  an  arrangement  analogous  to  that  for  transmis- 
sion (fig.  2).  The  primary  of  a  transformer  (jigger)  is  interposed  between  the 

antenna  and  the  earth,  the  secondary  divided  in  two  parts  and  connected  by  the 
outside  extremities  to  the  two  posts  of  the  coherer  and  by  its  two  inside  extremities 

to  those  the  cell-relay  circuit.  Moreover,  a  condenser  of  small  capacity,  K,  is  shunted 

to  the  inside  extremities  and  two  resistance  coils,  /,  are  interposed  on  the  relay-cell 
circuit.  In  order  to  obtain  accordance  of  the  receiver  with  the  transmitter  it  is 

necessary  to  accord  with  the  period  of  the  transmitted  oscillations:  (1)  The  circuit  of 

the  antenna;  (2)  the  coherer-condenser  circuit.  The  first  accordance  is  easily  done 

by  giving  the  receiving  antenna  a  length  equal  to  that  of  the  transmitting  antenna 

including  the  length  of  the  circuits  of  the  transformer,  which  are  interposed  and 

whose  capacity  and  self-induction  are  negligible,  given  their  small  number  of  wire 

windings.  Each  one  of  the  semisecondaries  has  a  length  sensibly  equal  to  that  oi 

the  antenna:  that  is,  to  one-fourth  wave  length,  taking,  however,  into  account  the 

eel  of  the  capacity  and  of  the  self-induction  of  the  two  semisecondaries,  which 

leads  to  the  shortening  of  their  lengths.  The  primary  of  the  transformer,  being  in 
mediate  proximity  to  theeartJi.  is  situated  at  a.  node  of  electromotive  force,  but  a1 

a  loop  of  intensity  of  th-og&ijations  which  are  formed  in  the  receiving  antenna.  The 

induction  on  the.  secondary  will  fcnereiore  oe  maximum.  On  the  other  hand,  as  the 

Soh  vhen  at  rest  a  practically  infinite  resistance,  the  whole  oi  the 

:uii  will  be  placed  in  the  conditions  oi  i  Herts  resonatoa    Th< 

wijj  be  formed  a  loop  of  electromotive  force  at  each  extremity;  bat  as  each  semi 

ond  one-fourth  oi  the  Length  oi  transmitter  wave,  the  whole  wiu  rep- 

resent a  semliength  of  wave.    We  will  therefore  have  ■  variation  ol  maximum 

potential  at  the  two  posts  of  the  conerer,  and   hence,  a  maximum  of  actions
. 

M.Slaby  employt  a  noticeably  different  arrangement:  F
or  transmission  (tig 

the  antenna  is  shunted  to  the  circuit  in  which  are  forrn^  the  oscil
lations,  ami  «  tuon 

L300  -02   22 
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comprises  the  oscillator  S,  a  capacity  K,  a  self-induction  F,  and  a  coil  B  of  large 
coils.  In  addition,  this  circuit  includes  one  portion  of  the  ground  between  two  con- 

nections to  earth,  T  and  T'.  The  oscillations  therefore  are  of  well-determined 
period,  but  likely  very  deadened,  owing  to  the  interposition  of  a  portion  of  ground 
in  the  circuit. 

In  order  to  obtain  in  the  antenna  a  maximum  effect,  it  is  necessary  to  accord  the 

period  on  the  length  or  inversely.  In  this  latter  case  a  certain  number  of  turns  of 
the  coil  B  must  be  added  or  subtracted. 

It  should  be  noticed  that  if  the  coil  B  presents  a  strong  resistance  and  if  the  values 

of  the  capacity  and  of  the  self-induction  F  are  selected  bo  as  to  balance  one  another, 
we  revert  to  the  ordinary  arrangement  generally  employed. 

For  reception,  Slaby  makes  use  of  a  very  ingenious  arrangement  (fig.  4):  The 

receiving  antenna  being  connected  directly  to  the  earth,  a  shunt  is  taken  to  it  in  the 

vicinity  of  the  ground,  and  this  shunt  is  connected  to  the  coherer,  which  in  turn  is 

connected  to  the  earth  by  its  other  post  by  means  of  a  condenser.  Shunted  to  the 

armatures  of  this  condenser  is  placed  the  circuit,  comprising  the  battery  and  the 

relay.  The  object  of  the  condenser  K  is  to  protect  the  oscillations  from  the  resist- 

ance of  the  relay.  The  length  of  the  shunt  of  the  antenna  to  the  coherer  is  so  regu- 
lated that,  being  added  to  the  height  of  the  antenna,  it  gives  a  length  equal  to  the 

semilength  of  the  transmitted  wave.  We  thus  have  a  maximum  effect  in  the  reso- 

nator formed  by  the  antenna  and  the  shunt,  and  consequently  a  difference  of  maxi- 
mum potential  at  the  extremities;  that  is,  at  one  post  of  the  coherer,  whose  other 

post  is  maintained  at  zero  potential.  As  a  consequence,  we  will  have  a  maximum  of 

effect.  The  foregoing  argument  does  not  appear  to  be  free  from  all  criticism,  for  the 

connecting  of  the  antenna  to  the  earth  seemingly  results  in  maintaining  anode  of 

electromotive  force  at  the  shunting  point,  and  the  length  1  should  have  for  value 

one-fourth  of  the  wave  length  transmitted  in  order  that  there  be  a  maximum  loop 

at  the  coherer,  and  then  the  total  of  the  resonator  will  no  longer  represent  one-half 
length  of  the  transmitted  wave.  Very  likely  it  is  in  order  to  make  the  necessary 

correction  that  Slaby  interposes  between  the  shunt  and  the  ground  a  coil  with  large 

turns  (fig.  5).  The  shunting  point  will  no  longer  be  necessarily  a  node,  and  the 

argument  will  be  applicable.  Whatever  it  may  be,  Slaby  replaces  in  most  cases  the 

straight  shunting  by  an  Oudin's  resonator,  whose  effect,  as  is  known,  is  to  enlarge 
the  variable  electromotive  force  due  to  a  divided  effect  of  capacitvand  self-induction 
(fig.  5). 

Both  the  Marconi  and  Slaby  dispositions   permit  us.  as  is  seen,  to  obtain  a  maxi- 
mum utilization  of  energy  stored  by  the  receiving  antenna,  thanks  to  the  syntony 

realized;  but  it  is  evident  that  neither,  in  consequence  of  the  phenomenon  of  mul- 

tiple resonance,  will  prevent  the  receiver  from  receiving  signals  transmitted  at  a  dif- 
ferent period,  provided  they  have  sufficient  energy.     Nevertheless,  the  effect  of  those 

nonaccorded  oscillations  will  be  smaller  than  that  of  the  syntonized  oscillations, 

and  reception  will   only  take  place  at  a  shorter  distance.     This  has  been  clearly 

demonstrated  by  practice.     We  see  besides  that  it  is  possible,  by  means  of  the  two 
methods,  to  regulate  a  receiver  in  such  a  manner  as  to  allow  it  to  receive  oscillati 

of  a  certain  period  and  not  to  receive  oscillations  of  a  very  different  period,  provided 
that  the  transmission  of  the  latter  be  not  made  with  too  great  an  energy  and  at  I 

short  a  distance.     Nevertheless,  Marconi  and  Slaby  have  succeeded  in  regulat 

two  receivers  so  as  to  permit  them  to  receive  simultaneously,  by  means  oi  the  same 
antenna,  two  different  messages  transmitted  witli  two  very  different  periods. 

Marconi  obtains  this  result  by  first  regulating  each  receiver  connected  separately 

to  the  antenna,  so  that  it  registers  the  signals  transmitted  with  one  of  the  per; 

and  not  those  transmitted  with  the  other.     This  adjustment  is  made  very  easily,  but 
should  the  two  receivers  he  simultaneously  connected  to  the  antenna,  there  OCCUR 

contusion  of  signals,  due  to  the  fact   that  alter  the  registering  of  each  signal  the 
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coherer  is  very  supersensitized  and  becomes  capable  of  being  actuated  by  oscillations 

of  feeble  energy,  and  especially  by  those  for  which  the  jigger  is  not  syntonized. 

Besides,  the  circuit  formed  by  the  two  shunts  and  the  connections  to  the  earth  may 

present  a  phenomenon  of  individual  resonance  which  will  disturb  the  effect  of  the 

resonance  of  the  two  circuits — antenna- jigger-earth.  In  order  to  prevent  these  per- 
turbations Marconi  interposes  on  the  connection  (fig.  6)  of  the  receiver  of  long  waves 

a  self-induction  F,  and  on  the  receiver  of  short  waves  a  small  capacity  K.  The 

result  of  this  disposition  is  to  destroy  the  syntony  of  each  of  the  circuits,  antenna- 

jigger-earth  for  the  two  transmitted  oscillations,  preserving  only  the  accordance  of 
the  resonators  (condenser  semisecondary,  coherer  semisecondary)  of  each  of  the 

receivers,  for  one  or  the  other  of  the  transmitted  periods.  But  this  destruction  of 

the  syntony  is  less  complete  for  the  long  waves  than  for  the  short  waves  in  the  cir- 

cuit antenna-self-jigger  J-earth  in  consequence  of  the  resistance  of  F,  great  with 
short  waves  than  with  long  waves.  It  is  the  reverse  for  the  effect  of  the  little  capac- 

ity K  on  the  second  circuit.  But,  in  addition,  the  effect  of  the  self-induction  F  and 
the  capacity  K  is  to  reduce  very  decidedly  the  utilized  energy,  and,  as  a  consequence, 

the  possible  distance  of  communication. 

On  the  other  hand,  in  practice  it  would  be  preferable  to  have  as  many  antennae  as 

there  are  receivers.  Slaby  obtained  a  similar  result,  but  at  shorter  distances,  by 

shunting  on  the  common  antenna  two  Oudin  resonators  properly  selected,  each  con- 
nected to  a  receiver  (fig.  7).  The  selection  of  the  Oudin  resonators  was  made  in  such 

a  manner  that  the  posterior  extremity  of  each  of  them  was  a  loop  of  potential  force 

for  one  or  the  other  of  the  two  transmitted  oscillations.  But,  in  virtue  of  the  obser- 

vation already  made  above,  the  effect  obtained  is  very  likely  better  when  the  shunt- 
ings  are  made  at  different  points  of  the  antenna  instead  of  both  being  made  at  the 

base,  in  order  not  to  have  perforce  a  node  of  potential  force  at  the  junction  point 

which  would  interfere  with  the  establishment  of  the  greatest  resonances. 

Syntony  Blondel  system.  Blondel  pointed  out  as  far  back  as  1898  another  process 

which  consists  in  according  together,  not  the  frequencies  of  the  individual  electric  oscil- 
lations of  the  transmitter  and  the  receiver,  but  artificial  frequencies  much  lower, 

quite  arbitrary,  and  independent  of  the  antennae,  viz,  the  frequency  of  the  charges  of 
the  antenna  and  those  of  the  vibrations  of  a  selective  receiver  such  as  the  monotele- 

phone  of  Mr.  Mercadier.  It  suffices  to  maintain  the  frequency  of  the  interrupter 

very  constant  and  equal  to  the  individual  frequency  of  the  receiver. 
One  can  also  make  use  of  a  coherer  or  an  autodecoherent  anticoherer,  combined 

with  the  telephone.  Each  group  of  waves  of  high  frequency  rapidly  deadened,  acts 

in  a  bunch,  like  one  single  concussion,  on  the  telephone  of  slow  vibration,  the  latter 
besides  remains  sensibly  sinusoidal,  thanks  to  inertia.  The  mechanical  elasticity 

can  also  be  replaced  or  strengthened  by  an  electric  elasticity,  by  connecting  to  the 

waves  detector  in  use,  a  capacity  so  arranged  as  to  form  a  circuit  in  pseudo-resonance 
with  the  transmitting  station. 

This  bj  -''-in  Lends  itself  to  an  easy  differentiation  of  the  signals  in  a  receiving  sta- 
tion, for  acoustic  syntony  is  more  distinct,  in  a  general  way  than  electric  syntony, 

but  it  necessitates  the  use  of  autodecoherenl  coherers,  which  arc  more  sensitive  and 
irregular  and  which  now  limit  its  use  to  Bhorter  distant  i 

Summing  up  the  statue  of  wireless  telegraphy  to-day  we  ma}  say 
thai  it  is  still  imperfect,  offers  ye1  manj  obstacles  to  success,  is  com 
plex,  costly,  :m<l  delicate,  and  continues  to  be  uncertain  in  transmis- 
lion.  Nature  continues  to  fight  against  it.  Last  summer,  during  ln^ 
experiments  between  Antibes  and  Corsica,  in  the  Mediterranean,  Mar 
coni  was  unable  to  communicate  after  LO  a.  m.,  owing  to  atmospheric 
conditions,  and  there  lias  boon  found  also  peculiar  atmospheric  inter 
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ferences  for  some  time  after  sunset  and  during  electric  storms.  These 

parasitic  influences  are  a  serious  menace. 

In  spite  of  all  these  disadvantages,  wireless  telegraphy  offers  so 

much  in  its  present  maritime  field  that  it  is  being  vigorously  taken  up 

everywhere.  At  present  there  are  more  than  220  men-of-war  and 
merchant  vessels  with  wireless  installations,  as  well  as  numerous  coast 
stations. 

The  five  principal  systems  in  use  are  those  of  Marconi  (Italian), 

Rochefort  (French),  DucretetPopoff  (French-Russian),  Slaby  Arco 
(German),  and  Braun  (German). 

Numerous  other  inventors  have  effected  modifications  or  improve- 

ments, but  these  are  the  systems  most  extensively  adopted.  The  Mar- 
coni apparatus  has  been  so  thoroughly  described  in  previous  notes 

that  further  notice  is  not  necessary.  Appended  will  be  found  descrip- 
tions of  some  of  the  other  systems. 

Special  progress  during  the  }'ear  has  been  noted  in  the  following 
countries: 

Austria. — After  a  series  of  successful  experiments  between  two 
castles,  which  were  carried  on  for  many  weeks  under  the  charge  of 

army  and  naval  officers,  the  Austrian  Government  has  ordered  the 

installation  of  the  Rochefort  system  in  its  vessels  for  further  trial 
at  sea. 

Denmark  has  installed  the  Slab3T-Arco  s}Tstem  at  the  light-ship  111//, 
and  the  Blavanschuck  light  at  Esbjerg,  19  miles  distant,  and  also  at 

the  Horns  Riff  light-ship,  distant  31  miles  from  the  light-ship. 
France  has  made  thorough  trial  of  the  Ducretet-Popoff,  Rochefort. 

and  Tissot  systems,  the  later  being  the  modified  Ducretet  system  devised 

by  Captain  Tissot,  of  the  French  navy.  At  present  France  is  con- 

ducting in  the  Mediterranean  a  series  of  trials  with  these  s}'stems,  and 

it  will  probably  adopt,  shorthT,  one  of  them  exclusively. 
The  Rochefort  system,  which  seems  to  have  had  much  success  of  late 

in  France  and  Austria,  has  for  its  chief  point  of  difference  the  use  of 

a  uni-polar  transformer  and  a  magnet-regulated  coherer.  There  is  also 
a  double  tapper  which  taps  the  coherer  both  in  its  go  and  return 

motion.  The  coherer  is  regulated  by  varying  its  distance  from  the 

permanent  magnet  above  mentioned. 

Germany  has  gone  thoroughly  into  the  question  of  wireless  teleg- 
raphy, and  has  some  50  vessels  equipped,  or  to  be  equipped,  with  the 

Slaby- Arco  system.  Numerous  tests  have  been  made  and  a  course  of 
instruction  in  wireless  telegraphy  has  been  established  on  the  torpedo 

depot  ship  at  Kiel.  The  German  military  authorities  also  have  been 

making  trials  with  portable  wireless  telegraphy  with  balloon  suspensions 

of  the  antenna.  In  July  last  a  series  of  successful  tests  were  made  by 

the  squadron  under  Prince  Henry  in  communicating,  during  a  short 
cruise,  with  the  shore  stations  at  Helgoland.  Borkum,  and  the  Elbe 

light-ship. 
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In  February  last,  in  order  to  make  trial  of  another  German  system  of 

wireless  telegraphy,  the  Braun,  manufactured  by  Siemens  &  Halske,  of 

Berlin,  thorough  comparative  trials  were  carried  out. 

The  harbor  ship  Friedrich  Carl,  equipped  with  apparatus  for  both 

systems  of  wireless  telegraphy,  put  to  sea  in  the  direction  of  Korsor, 

steadily  increasing  her  distance  from  the  shore  and  exchanging  mes- 
sages alternately  with  the  two  stations  established  at  the  signal  station 

Bulk.  During  the  first  few  hours  the  exchange  of  telegrams  with 

both  systems  was  equally  good  and  accurate.  When  the  distance  had 
been  increased  to  about  90  kilometers  (56  miles)  the  connection  with 

the  Braun  station  gradually  failed.  At  a  distance  of  130  kilometers 

(81  miles)  the  Slaby-Arco  apparatus  also  became  silent.  While  it  must 
be  admitted  that  the  electric  range  and  constructive  perfection  of  the 

Slaby-Arco  apparatus  has  not  yet  been  attained  by  the  Braun  system, 
it  may  be  assumed  that  in  the  course  of  time  the  two  German  systems 

will  reach  the  same  degree  of  perfection. 

As  a  result  of  these  trials  the  Emperor  has  ordered  that  the  Slaby- 
Arco  system  be  definitely  and  exclusively  adopted  for  the  German 
navy. 

In  the  German  nav}^  estimates  for  1902  it  is  stated  that,  owing  to  the 

the  successful  trials  of  wireless  telegraphy,  the  new  ships  and  impor- 
tant stations  should  be  so  fitted  and  an  estimate  of  6,000,000  marks  was 

made  for  this  purpose.  One-half  of  this,  or  3,000,000  marks,  is 
required  for  the  fiscal  year  1902. 

In  connection  with  the  discussion  on  s}Tntony,  it  is  interesting  to 
note  that  last  summer,  when  the  German  squadron,  homeward  bound 

from  China,  was  off  Ouessant  in  France,  that  the  wireless  signals  being 

exchanged  between  the  vessels  were  intercepted  and  read  by  the  French 
coast  stations.  It  is  claimed  that  the  French  stations  were  enabled  to 

communicate  with  each  other  concurrently  with  their  reception  of  the 
German  signals. 

Great  Britain  continues  to  be  the  leading  exponent  of  wireless  teleg- 
raphy for  naval  purposes,  and  practically  all  huge  British  vessels  are 

equipped  with  the  system,  and  at  the  torpedo  depot  ship  Vernon  the 

subject  ia  thoroughly  studied.  Though  the  Admiralty  pay  a  royalty 
to  Marconi  lor  the  use  of  his  system  their  instruments  are  modified 

and  arranged  according  to  their  own  specifications  and  system.     Last 

July  an  order  was  given  for  54    complete  sets  of   the   gear,  to  he  com 
pleted  in  three  months,  and  the  onier  was  apportioned  to  three  different 
electrical  firm 

The  Admiralty  some  time  ago  decided  to  supply  wireless  telegraphic 

apparatus  to  all  the  battleships  In  the  Mediterranean  Squadron  and 

mo  i  of  the  cruisers.  There  are  a  good  many  sets  of  the  apparatus 
now  in  use  on  that  station,  installed  generally  as  follow 

The  first  thing  that  is  necessary  before  setting  up  the  operating 
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table  is  to  choose  some  suitable  place,  such  as  a  spare  cabin  or  chart 

house,  through  which  the  aerial  wire  may  be  led  without  risk  of  its 

sparking  through  to  earth. 
In  the  case  of  a  chart  house  or  signal  house  on  the  upper  deck  this 

is,  of  course,  easy  enough  to  prevent,  but  when  it  becomes  necessary 
to  lead  the  aerial  wire  through  the  deck  there  is  need  for  very  thick 

insulation;  the  method  most  in  vogue  is  to  cut  a  hole  of  a  diameter  of 

about  4  or  5  inches  through  the  deck  plates,  lining  it  with  a  half-inch 
ebonite  tube.  This  tube  stands  up  from  the  deck  to  the  height  of  16 

inches,  and  is  sheathed  from  the  wooden  planking  upward  with  brass 

to  protect  it  from  injury;  it  is  capped  with  a  thick  disk  of  ebonite. 

The  aerial  wire  is  led  through  this  after  being  well  insulated  with  india 

rubber  and  oiled  silk,  the  insulation  gradually  tapering  off  as  it  leaves 

the  tube  in  such  a  manner  as  to  give  the  impression  from  which  it 

has  earned  the  name  of  "cow's  tail."  The  space  between  the  insula- 
tion and  the  ebonite  tube  is  filled  with  melted  paraffin  wax. 

The  "cow's  tail"  having  been  made  and  fitted,  the  aerial  wire  is 
measured  off  to  the  required  length  and  led  through  large  plates  of 

ebonite  to  a  spar  projecting  far  enough  outboard  to  give  the  wire  a 

clear  lead  up  to  the  spar  at  the  masthead.  The  use  of  both  these  spars 

is  chiefly  to  keep  the  aerial  wire  clear  of  wire  rigging  or  ropes,  which. 

in  damp  weather,  would  make  "  earth."  Ebonite  insulators  protect  the 
aerial  wire  from  contact  with  the  spars. 

In  many  ships  the  wire  is  looped  so  that  the  end  turns  back  upon 

itself,  and  is  spliced  to  its  own  part  close  to  the  outrigger  spar,  the 

object  being,  of  course,  to  obtain  greater  capacity  for  the  same  height. 
So  much  for  the  aerial  wire;  we  now  turn  to  the  other  end  of  the 

u  cow's  tail,"  which  is  led  into  the  operating  room  and  joined  up  to 
one  of  the  brass  balls  of  the  induction  coil.  The  other  ball  of  the  coil 

is  joined  to  earth  by  means  of  a  vertical  wire  coiled  in  a  spiral  and 
soldered  to  one  of  the  iron  beams. 

A  much  thinner  wire  coiled  into  a  spiral  form  also  comes  from  the 

"cow's  tail."  This  is  the  receiving  lead  from  the  aerial  wire  and 
comes  down  to  the  keyboard. 

Seven  accumulators  are  generally  used  to  work  the  coil. 

The  key  is  grasped  by  the  long  ebonite  handle,  and  a  succession  of 

longs  and  shorts  made  with  it  is  reproduced  in  sparks  between  the  two 

brass  balls  connected  with  the  aerial  wire  and  earth,  respectively,  set- 
ting up  oscillating  currents  in  the  wire  and  thus  sending  out  the 

so-called  Hertzian  waves. 

A  small  block  with  a  hole  in  it  is  placed  on  the  side  of  the  receiving 
box.  This  block  is  made  of  ebonite  and  is  intended  to  receive  a  small 

spur  on  a  long  arm  that  extends  from  the  signaling  key. 

It  is  this  arm  which  switches  the  aerial  to  "send  "  or  "receive."  In 

the  t;receiye"  position  the  thin  spiral  wire  from  the  "cow's  tail"  is 
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put  in  connection  with  the  receiving  box;  if,  however,  the  arm  were 

swung  over  to  "send,"  the  whole  receiving  box  would  be  cut  out  of 
circuit  with  the  aerial  wire. 

We  shall  now  consider  the  receiving  circuit  and  trace  the  current 
from  the  thin  spiral  wire. 

The  receiving  box  is  covered  with  a  brass  sheath,  the  object  of  which 

is  to  intercept  any  local  electro-magnetic  waves  that  might  proceed 
from  sparks  in  the  neighborhood  and  directly  affect  the  coherer,  ren- 

dering messages  unintelligible.  Hence  it  will  be  seen  that  the  box  is 
kept  shut  when  in  use. 
The  lead  from  the  aerial  wire  enters  the  box  and  picks  up  the 

primary  of  the  "  jigger;"  this  jigger  is  earthed  through  the  box.  The 
secondary  of  the  jigger  is  divided  into  two  coils,  its  two  outer  ends 
being  brought  to  the  two  outer  terminals  of  the  row  of  four.  These 
outer  terminals  are  connected  to  the  coherer,  while  the  two  inner  ones, 
representing  the  two  inner  ends  of  the  primary,  lead  through  choking 
coils,  one  to  the  relay  direct,  and  the  other  through  one  of  the  cells  of 

the  battery  of  "  Obachs,"  and  so  to  the  relay. 
The  relay  is  inclosed  in  a  c}Tlindrical  case,  the  choking  coils  are 

inclosed  in  the  box  which  contains  the  jigger,  below  the  group  of  ter- 
minals. The  outer  terminals,  as  we  have  seen,  are  joined  to  the 

coherer.  The  local  battery  circuit  consists  of  the  remaining  9  cells, 
or,  rather,  8  cells,  for  one  is  usually  kept  as  spare.  The  connections 

of  the  local  battery  are  tucked  away  out  of  sight,  but  it  will  be  suf- 
ficient to  say  that  the  Morse  inker,  alarm  bell,  and  tapper  are  forked 

into  it. 

Shunt  coils  are  put  into  the  tapper  circuit  to  prevent  sparking  at 
make  and  breaK. 

The  operating  table  is  covered  with  sheet  india  rubber,  and  the 
whole  apparatus  can  comfortably  be  worked  in  a  space  of  about  4  feet 

by  v.  feet  A  common  dodge  for  testing  the  sensitiveness  of  the  relay 
consists  in  slightly  moistening  the  fingers  and  touching  the  two  center 
terminals  of  the  group,  when  the  tapper  should  buzz.  Should  the 
relay  be  too  sensitive,  the  single  cell  will  have  power  enough  to  keep 

the  tapper  in  vibration  after  it  has  once  started,  and  this  must  be  care- 
fully guarded  against;  it  Is  one  of  the  most  difficult  adjustments  to  be 

made,    and    once    obtained    should    not     he    altered    unless    absolutely 

necessary;  a  continued  buzzing  of  the  tapper  often  shows  a  defective 

coherer,  i.  <-..  one  which  offers  too  Little  resistance  in  its  decohered 
state.     Many  coherer-  are  supplied,  and  they  are  easily  exchanged. 

Signals  of  course  can  be  taken  in  by  simply  listening  to  the  working 
Of   the   tapper;    it    work-   exactly    with    the    tongue    of    the    iela\.aml 

consequently  with  the  inker. 

Signals  must   be  made  slowly;  it  is  possible  to  make  a  "short5 
.short  that   the  tongue  of   the  relay  ha-  nut   time  to  gO  <>\«  r.  ami  OOnse 

quently  no  record  is  made. 
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The  whole  apparatus  can  be  fitted  up  in  a  ship  in  a  very  short  time, 
one  forenoon  may  suffice,  but  the  adjustments  often  take  a  long  time 
to  get  in  order,  and  there  are  so  many  possible  causes  of  faults  that  it 

generally  pays  to  do  everything  in  "  slow  time.'1 
With  the  apparatus  described  signals  have  been  received  at  a  dis- 

tance of  120  miles. 

The  distance  of  transmission  of  H.  M.  S.  Argonaut  noted  before 
and  the  162  miles  communication  of  H.  M.  S.  Arrogant  have  been 
exceptional.  Generally  there  has  been  nothing  like  as  good  as  this 

accomplished.  During  the  voyage  of  the  channel  squadron  from  Gib- 
raltar to  Berehaven,  last  fall,  it  was  found  that  the  vessels  could  send 

signals  up  to  100  miles,  but  could  not  receive  intelligibly  at  more  than 
about  40  miles. 

During  last  summer's  maneuvers  wireless  telegraphy  played  an 
important  and  disastrous  part,  betraying  absolutely  its  users  and 

affording  a  most  significant  proof  of  the  vital  necessity  for  some  reli- 
able form  of  syntony,  or  other  means  of  preventing  the  interception 

of  messages.  The  following  from  a  correspondent  of  the  London 

Telegraph  on  H.  M.  S.  Magnificent^  August  7,  shows  what  happened: 
Throughout  the  operations  we  availed  ourselves  largely  of  wireless  telegraphy,  but 

not  in  the  manner  generally  anticipated  by  any  means.  Our  installations  were  con- 
tinually at  work,  it  is  true,  but  not  passing  messages  to  our  consorts.  They  merely 

listened,  harvesting  the  crop  of  communications  that  our  foe  was  industriously  sow- 
ing broadcast.  When  a  message  is  tapped  out  by  the  Marconi  system  it  is  as  though 

one  threw  a  stone  into  a  pond.  The  electric  "ripples,"  if  one  may  call  them  so, 
spread  outward  in  rings,  and  will  affect  any  receiver,  east,  north,  south,  or  west 

The  English  Channel  was  alive  with  the  enemy's  messages.  Anyone  could  pick 
them  up  who  would.  We  played  the  part  of  eavesdroppers.  If  Admiral  Noel's 
flagship  whispered  sweet  nothings  or  momentous  somethings  to  a  distant  friend  the 
chances  were  that  we  were  near  enough  to  overhear.  Without  warning  the  bell  in 

the  operating  room  would  tinkle  merrily  as  soon  as  the  impulse  affected  our  installa- 

tion, and  then  the  whole  story  would  be  poured  into  our  ears  without  reserve.  The 
foe  may  have  had  their  doubts  about  the  secrecy  of  their  messages,  but  if  so  they 
were  apparently  allayed  when  they  found  themselves  catching  little  from  us.  They 
were  not  aware  that  we  were  communicating  little  between  our  own  ships  by  this 
means,  so  that  our  attention  might  not  be  diverted  from  the  unconscious  confidences 
of  oui  opponents.  We  had  the  system  installed  on  board  the  battleships  Majestic, 
Magnificent,  Jupiter,  and  Hannibal,  and  the  cruisers  Xiobe,  Diadem,  Arrogant,  Furit 

and  Pactolus,  and  with  varying  success  they  were  drinking  in  the  enemy's  secrets.  The 
foe  communicated  in  code,  and  at  first  this  might  seem  somewhat  of  an  obstacle  to 
our  little  game.  But  no.  After  a  short  interval  for  study  of  the  cryptograms,  it  was 
clear  as  noonday  that  they  were  using  a  code  we  had  by  us  with  some  variations. 
The  problem  was  soon  solved,  and  we  kept  our  ears  to  the  keyhole  with  excellent 

results.  Did  the  enemy's  main  fleet  coaling  at  Portland  tell  its  thoughts  to  its  base 
at  Portsmouth,  we,  lying  out  of  sight  south  of  Portland  Bill,  drank  in  all  the  con- 

fidences, and  neither  sender  nor  receiver  was  any  the  wiser. 
This  occurred  before  the  war,  but  after  hostilities  commenced  we  continued  the 

same  policy.  When  at  Guernsey  we  deciphered  messages  sent  by  Admiral  Sir 

Gerard  Noel's  ships  80  miles  distant.  On  the  morning  of  our  great  battle  off  the 
Lizard  it  was  one  of  our  opponent    cruisers  which  asked  the  Revenge  where  she  v 
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and  enabled  us  to  learn  Admiral  Noel's  bearings  from  his  own  flagship.  So  we 
played  the  game  merrily  and  persistently,  and  the  enemy  wore  his  heart  on  his 
sleeve  for  us  to  study. 

During  a  recent  cruise  of  H.  M.  S.  Revenge  along  the  Irish  coast 
the  battleship  received  a  number  of  Marconi  messages  passing  between 
mail  steamers  and  the  shore.  It  is  stated  that  the  admiralty  proposes 

to  make  an  attempt  to  intercept  wireless  messages  from  various  experi- 

mental stations,  with  the  idea  of  proving  the  value  of  Marconi's  claim 
to  exclusive  syntony. 

A  new  source  of  danger  to  be  guarded  against  with  wireless  instal- 
lations on  ships  was  demonstrated  on  H.  M.  S.  Glory  in  Hongkong 

harbor  in  August  last,  when  the  aerial  wire  was  struck  by  lightning 

and  wrecked,  about  two-thirds  of  the  apparatus  becoming  detached 
and  crashing  to  the  deck.  Fortunately,  it  being  night,  few  were 
about  and  no  one  was  injured. 

Italy,  the  birthplace  of  Marconi,  was,  as  is  well  known,  one  of  the 
first  to  organize  official  experiments  in  wireless  telegraphy.  In  fact 
it  was  in  July,  1894,  that  the  first  experiments  in  Italy  took  place,  in 
the  first  instance  at  Rome,  between  two  different  floors  of  the  offices 
of  the  naval  administration,  and  afterwards  at  Spezzia,  both  trials 
being  under  the  direction  of  Marconi  himself,  who  had  been  expressly 
invited  to  come  to  Italy  by  the  authorities  of  his  country  and  at  the 
initiative  of  several  of  the  superior  officers  of  the  army  and  the  navy. 

Successful  results  were  obtained  from  these  tests;  battleships  of 
the  Italian  navy  communicated  with  the  coast  of  the  peninsula  at  a 
maximum  distance  of  16  kilometers,  with  antennae  of  22  and  34 
meters. 

Since  then  experiments  in  wireless  telegraphy  have  continued  unin- 
terruptedly in  Italy  at  the  instance  of  the  ministers  of  the  war  office, 

and  especially  of  the  naval  administration,  to  whom  Marconi  at  the 

time  of  his  experiments  at  Spezzia  had  given  permission  to  use  his 
apparatus,  and  also  all  the  improvements  and  additions  which  he  might 
subsequently  design  for  his  instruments,  which  at  that  time  were 
necessarily  primitive.  The  experiments  in  question  were  at  first 
directed  by  M.  Pasqualine,  electrician  in  chief  to  the  navy,  and  by  M. 
Civita,  engineer.     Duringthe  first  set  of  experiments,  which  cost  the 
Italian    Government  about    L00,000    francs,    very    interesting    results 

were  obtained.  Several  battleships  were  fitted  with  the  apparatus, 
many  stations  were  established  on  the  Italian  coast,  and  communica- 

tion   was   effected    at    a    maximum    distance   of    about    100    kilometers 
between  a  vessel  out  at  sea  and  a  fixed  station  on  the  coast. 

When  Messrs.  Pasqualini  and  Civita  retired  from  the  Italian  navj 
the  wireless  telegraph  service  was  intrusted  to  the  officers  themselves, 
among  others  (<>  Commander  Pouchain,  now  chief  of  ;i  division  in 
the    navy,    and    to    Lieutenant    Solari.   \\h<»    recently    proposed    to    the 
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administration  to  connect  Pekin  with  the  bay  of  St.  Mun  by  wireless 

telegraphy  Avith  the  aid  of  several  rela}T  stations,  or  Guarini  repeaters. 
Then  followed  some  unsuccessful  experiments — for  instance,  between 

Messina  and  Reggio,  at  a  distance  of  a  few  kilometers;  but  we  also 
heard  of  signals  reaching  English  battleships  off  Malta,  having  been 
sent  out  by  Italian  battleships  off  Sicily,  the  distance  between  them 
being  about  200  kilometers. 

Japan  is  making  wireless  experiments  under  the  direction  of  a  com- 
mittee appointed  by  the  navy  department  for  this  purpose.  The  first 

experiments  were  conducted  in  February,  1900,  over  a  distance  of  8-J- 
miles,  between  the  naval  academy  at  Tokyo  and  a  temple  at  Anamori, 

Haneda,  using  a  height  of  wire  of  75  feet.  As  the  results  were  satis- 
factory further  trials  were  undertaken  during  the  naval  maneuvers  at 

Kobe  in  April.  Later  trials  between  Tokyo  and  Yokusuka  (27  miles), 
and  later  over  50  miles,  have  encouraged  the  authorities  to  further 

installation  at  Tokeshiki  Naval  Station,  at  Cape  Shishimi,  and  other 
points  about  the  coast  and  on  vessels. 

Russia  has  made  use  of  the  Popoff  system.  This  is  practically  iden- 
tical with  the  Ducretet,  or,  as  it  is  often  called,  Ducretet-Popoff  sys- 

tem. This  has  been  definitely  adopted  for  its  Black  Sea  and  Baltic 
fleets,  and  is  also  to  be  applied  extensively  in  the  Pacific. 

Spain  has  been  engaged  in  some  interesting  tests  between  the  main- 
land and  her  colony  of  Ceuta.  They  are  described  as  follows  bv  E. 

Guarini  in  The  Electrician,  April  18,  1902: 

WIRELESS  TELEGRAPHY  IN  SPAIN. 

By  E.  Guarini. 

In  September,  1899,  Senor  Julio  Cervera  Baviera,  a  commandant  in  the  Spanish 

engineers,  presented  to  the  ministry  of  war  a  resume  of  his  electrical  work  and  a 

description  of  the  instruments  used  for  the  transmission  and  reception  of  signals  by 

means  of  electromagnetic  waves  and  its  application  to  wireless  telegraphy.  A  com- 
mission of  generals  and  officers  of  the  engineers  was  appointed  to  examine  the 

apparatus  in  a  complete  system.  Tests  were  made  first  at  Madrid,  then  between 

Madrid  and  the  military  polygon  of  Caracanchel.  and  later  on  between  Madrid  and 

Escorial.     The  first  tests  having  been  satisfactory,  at  the  beginning  of  December, 

1899,  official  experiments  were  made  in  the  presence  of  the  King  and  Queen  Regent, 

the  war  minister  and  the  King's  aids-de-camp  and  professors,  and  numerous  generals 
and  engineer  officers.  At  that  time  Commandant  Cervera  was  charged  by  the  war 

ministry  to  continue  his  studies  in  the  application  of  his  system.  In  1899  he  made 

experiments  between  Ceuta,  on  the  Strait  of  Gibraltar,  and  Algeciras.     Later,  in 

1900,  he  continued  his  work  at  Valence.  The  apparatus,  which  we  briefly  describe, 

is  that  which  Commandant  Cervera  employed  more  recently  in  the  second  term  of 
1901  between  Ceuta  and  Tarifa.  The  Tarifa  station  is  on  the  Mount  Comorro  at  an 

altitude  of  47  meters.  The  Ceuta  station  is  situated  at  the  Castle  of  Hacho  at  ISO 

meters  altitude,  the  difference  in  level  between  the  two  bases  thus  being  133  meters. 

The  Tarifa  mast  is  51  meters  high  and  the  Ceuta  mast  5t>  meters  high.  It  will  be 

noticed  that  the  height  of  the  masts  employed  is  considerable,  especially  compared 

with  the  practice  to-day,  when  one  can  communicate  with  very  short  cylinders  [see 
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The  Electrician,  February  15,  1901,  and  English  patent  1555,  of  January  24,  1900), 
but  Commandant  Cervera  observed  that  the  height  of  the  masts  is  not  a  necessity  in 
these  communications,  although  it  has  a  purpose  in  view  of  other  applications  in  the 
navy.  Between  Ceuta  and  Tarifa  all  systems  and  processes  of  wireless  telegraphy 
which  were  known  in  Europe  were  tried,  so  that  a  comparison  with  the  Cervera 
system  might  be  established. 

Senor  Cervera's  transmitter  is  indicated  diagrammatic-ally  in  fig.  1 .  So  that  the  same 
air  wire  and  earth  connection  should  serve  for  the  transmission  and  reception  of  sig- 

nals, a  switch  was  employed  which  connected  the  air  wire  to  the  earth  connection  in 
such  a  manner  as  not  to  include  in  the  circuit  the  two  condensers.  The  interrupter 
employed  in  the  primary  of  the  induction  coil  is  a  special  pattern  invented  by  Senor 
Cervera,  with   solid   contacts   immersed  in   petroleum,  which  is  contained  in  an 

Fl(i.  1. 

l.  Bilk-covered  copper  or  steel  air  wire,  o:z  mm.  diameter. 
•i.  Condenser  suited  to  the  distance  and  to  the  capacity  oi  the  air  wire.    These  condensers  arc  con- 

structed by  a  special  process,  and  are  inclosed  in  wooden  or  ebonite  boxes. 

ebonite  box.     It  produced  100  interruptions  per  second.    The  key  is  also  of  a  special 

ii.     First,  Befior  Cervera  employed  a  keyboard  as  described  in  his  English  pat- 
ent No.  200*1  of  1809  (October  6).    This  was  similar  to  thai  of  a  typewriter.     By 
ing  down  the  key  corresponding  to  the  letter  or  signal  to  be  transmitted,  dots 

and  dashes  were  transmitted  representing  thai  letter  in  tin-  Morse  alphabet,     More 
recently,  probably  because  this  keyboard  was  too  complicated,  although  most  ingen- 

ious, Senor  Cervi  d  another  form  «>i  key,  whose  object  is  to  eliminate  com 
pletelj  ti              when  the  current  is  broken.    Thisisdone  by  connecting  to  earth 

tin-  two  points  at  which  the  circuit  is  interrupted,  the  connection  of  one  being  made 
directly  ami  tin-  other  through  a  condenser.    The  objeel  of  the  condensers  inter 

I  between  the  air  wire  and  in  the  earth  connection  is  evidently  to  increase  tin- 
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energy  of  discharge  (CV2)  by  increasing  the  capacity  C  of  the  circuit.  These  con- 
densers, Senor  Cervera  points  out,  are  indispensable  when  the  transmitting  wires 

are  very  thin,  as  are  those  he  has  employed.  Senor  Cervera  thinks  it  is  advanta- 
geous to  employ  a  very  fine  air  wire  on  account  of  its  small  weight  and  the  facility 

in  handling. 

The  Cervera  receiver  (fig.  5)  has  several  remarkable  features,  some  of  which  are 
very  advantageous  and  useful,  and  others  whose  utility  and  advantage  appear  to  me 
very  problematical.  It  consists  of  an  air  wire  (the  same  as  that  employed  for  the 
transmission)  connected  to  earth  through  the  primary  of  an  induction  coil.  The 
secondary  of  this  coil,  divided  exactly  at  its  center  by  a  condenser,  ends  in  the  coherer 

electrodes,  which  are  of  very  soft  annealed  iron.  The  coherer  is  put  in  circuit — 
through  the  contact  point  and  the  armature  of  a  ringing  apparatus — with  two  adjust- 

able resistances,  a  battery  and  a  relay.  This  latter  closes  the  circuit  of  a  battery,  an 
adjustable  resistance  and  a  second  relay.  Senor  Cervera  calls  the  second  relay  a 
multiplying  relay.  It  has  four  functions:  (1)  To  work  the  Morse  apparatus,  (2)  to 
interrupt  the  current  of  the  battery  and  coherer  and  to  make  the  decohesion  of  the 
latter  easier,  (3)  to  work  the  tapper  which  decoheres  the  sensitive  tube,  and  (4)  to 

interrupt  the  current  through  the  electro-magnet  which  regulates  the  sensibility  of 
the  coherer,  for  the  purpose  of  facilitating  the  decohesion  of  the  latter.  As  is  seen 
in  fig.  5,  this  tapper  acts  both  as  a  decoherer  and  interrupter  of  the  current  passing 
through  the  coherer  and  the  first  relay.  It  is  also  seen  that  the  tapper,  the  Morse 

instrument,  and  the  electro-magnet  which  regulates  the  sensibility  of  the  coherer 
are  each  actuated  by  a  separate  source  of  electricity. 

Senor  Cervera  has  also  made  conclusive  tests  with  an  arrangement  in  which  the 
air  wire  is  insulated  from  the  earth  and  is  connected  through  solenoids,  one  of  which 
is  the  primary  of  a  small  transformer,  for  raising  the  pressure  of  the  coherer  circuit, 
and  the  other  of  which  is  wound  around  the  soft  iron  electrodes  of  the  coherer.  The 

secondary  of  the  small  transformer  is  divided  into  two  parts  by  the  circuit  of  the 
battery  and  relay  which  are  interposed  in  the  coherer  circuit. 

The  coherer  generally  employed  by  Senor  Cervera  is  made  as  follows:  Between 
two  small  parallel  ivory  disks,  whose  distance  apart  can  be  adjusted  at  pleasure  by 
means  of  three  fine  screws,  are  the  metallic  poles  which  press  against  the  filings. 

These  two  poles  have  two  wires  or  strands  of  well-annealed  soft  iron,  which  are  the 
two  branches  (one  being  a  prolongation  of  the  other)  of  the  coherer  core.  The 
length  of  each  of  these  branches  varies  from  4  to  6  centimeters  and  the  diameter  is  2 
millimeters.  An  ivory  disk,  with  a  circular  orifice  at  its  center,  contains  two  other 
ivory  disks  which  press  against  the  filings. 

Other  experiments  have  been  made  in  Spain  by  the  firm  of  Rochefort,  who  have 
put  up  a  permanent  installation  between  Cadiz  and  Matagorda  for  the  Compagnie 
Transatlantique.  The  feature  of  the  Rochefort  transmitter  is  the  employment  of  a 
unipolar  transformer.  The  receiver  includes  a  double  tapper,  tapping  the  coherer 
both  in  its  go  and  return  motion,  and  it  also  includes  a  system  of  regulating  the 
coherer  by  varying  the  distances  between  it  and  a  permanent  magnet.  This  system 
seems  to  have  been  mentioned  by  Brown  in  the  patent  mentioned  above. 

Sweden  and  Norway  have  been  testing  the  Slaby-Areo  systems,  and 
as  a  result  of  these  tests  appear  to  have  adopted  it  definitely.  Trials 

were  made  at  Christiania  last  year  with  the  men-of-war  FritMof  and 
Eidsvold.  Good  results  were  obtained.  One  of  the  vessels  remained 

at  the  military  port  of  Harter  while  the  other  steamed  through  the 

fjord.  With  masthead  heights  of  85.3  feet  they  communicated  with- 
out difficulty  through  a  distance  of  13.6  miles.  On  the  open  sea  the 

vessels  communicated  easily  at  twice  the  distance  without  increasing 
the  heights  of  the  wires. 
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A  lieutenant-colonel  in  the  Swedish  army,  Mr.  (i.  Bsunerhjelm, has 
cperimented  with  wireless  telegraphy  (Marconi's  sys- 

It  is  claimed  that  he  has  recently  made  improvements  in  thi> 
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trie  waves,  and  with  them  the  message,  in  the  desired  direction.  There 

is  not  at  hand  any  description  of  the  apparatus,  which  is  now  being 
tested  by  Swedish  experts,  but  its  construction  is  said  to  be  based  on 
the  theory  that  electric  waves  are  reflected  by  metallic  surfaces.  The 

drawback  of  the  s}Tstem  seems  to  be  that  a  telegram  can  not  be  sent 
in  a  certain  direction  a  longer  distance  than  25  or  30  miles,  but  for 

many  purposes  this  may  be  sufficient.  The  experiments  will  be  con- 
tinued, and  further  improvements  may  be  made. 

WIRELESS    TELEGRAPHY    OF    THE    SLABY- ARCO    SYSTEM    (GENERAL    ELECTRIC    COMPANY, 
BERLIN),  1902. 

PART  I.—  DESCRIPTION  OF  THE  SYSTEM,  FORMATION  OF  THE  VIBRA- 
TORY SYNTONY.  AXD  SHORT  DESCRIPTION  OF  NECESSARY  APPA- 

RATUS. 
The  Receiver. 

The  theoretical  bases  of  the  new  method,  published  in  the  Elektrotechnischen 

Zeitschrift,  Book  2,  1901,  have  been  discussed  by  Professor  Slaby  in  his  lecture  on 

attuned  and  multiplied  wireless  telegraphy  on  December  22,  1900  (see  No.  XX, 

p.  319),  in  the  conference  room  of  the  Allgeineine  Elektricitats-Gesellschaft.  We 
now  propose  to  repeat  only  certain  passages  of  his  lecture  necessary  to  an  under- 

standing of  the  connections. 

When  electric  vibrations  unite  (fig.  1)  in  the  direction  indicated  by  the  arrow,  on 

a  vertical  receiving  conductor,  connected  below  to  earth,  the  latter  enters  in  vibra- 
tion in  such  a  manner  that  in  the  vicinity  of  the  point  at  the  earth,  B,  is  formed  a 

node  of  the  electric  waves,  and  the  amplitude  between  B  and  A,  following  the  law 

of  sines,  increases  until  finally  it  reaches  in  A  an  arc  of  tension.  This  vertical  con- 

ductor, B  A,  possesses,  proportionately  to  its  own  induction  and  its  capacity  in  rela- 
tion to  earth,  a  certain  vibration  of  its  own.  When  the  impulse  of  the  transmitter 

arrives  in  a  different  measure,  for  instance,  more  slowly  than  the  proper  vibration 

of  A  B,  there  will  be  interposed  immediately  above  the  point  at  the  earth,  B,  an 

automatic  induction,  through  whose  determined  amplitude  of  vibrations  the  receivers' 
own  vibrations  will  be  equalized  with  those  of  the  transmitter.  In  other  words,  the 

receiving  conductor  will  be  syntonized  with  the  transmitter. 

The  receiving  apparatus  proper  is  supplied  with  sensitive  vacuum  coherers  with 

patented  angular  filings  to  record  the  waves.  These  coherers  are  varied  acc<  irding  to 
the  distance  of  transmission. 

As  is  known,  a  coherer  is  influenced  by  high  tension  discharges.  To  bring  about 

in  it  the  greatest  possible  change  of  tension,  a  second  system  syntonized  by  the 

receiving  conductor  A  B  will  be  put  in  vibration,  its  indicator  being  accurately  local- 
ized; in  other  words,  localized  in  such  a  manner  that  one  of  its  poles  shows  a  poten- 

tial of  change  of  great  amplitude,  while  the  potential  of  its  other  poles,  through 
connection  with  a  source  of  current  or  with  earth,  is  kept  constant,  so  that  between 

the  two  poles  there  exists  the  greatest  possible  difference  of  potential. 

This  takes  place  in  a  connection  as  shown  in  tig.  2.  To  the  Byntonizer  receiver  A 

B  there  will  be  connected  a  conductor,  C  D-C  A,  immediately  above  the  earth  point 
A  B,  therefore,  at  a  point  where  the  amplitude  of  the  waves  is  very  small.  When 

these  two  conductors  coincide  electrically  there  is  produced  at  D  an  amplitude  almost 
equal  to  that  produced  at  A . 

The  effect  will  be  better  if  the  length  of  wire  is  wound  in  a  convenient  form  than 

if  the  wire  were  disposed  in  a  straight  line.  Fig.  3  shows  such  an  arrangement.  It 
is  the  form  mostly  employed  in  the  receiving  connection  of  our  system. 

The  coil  M,  of  a  special  form  and  winding,  produces  at  D,  at  the  waves  indicator, 
a  tension  arc  whose  amplitude  is  much  greater  than  that  at  A.  For  that  reason  it 

has  been  called  by  Professor  Slaby,  ' ' Multiplicator  of  tension."     The  other  letters 
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need  in  fig.  3  have  the  following  meanings:  F  signifies  coherer;  B  lenserp 

in  tli  K'hich  are  connected  in  parallel  the  low  tension  element 
•  lay  i:.     The  capacity  of  K  i-  about  100  times  greater  than  thai  of  the 

■ 

In  1  em  the  electric  vibrations  of  the  ether  equalize  practically  at  A  and  B 

ithout  catling  any  vibrations  at  tin-  j •< ■;  d  consequently  tbey  seldom 
1\  niak  »i»i>(irtunity  ft»r  further  improvement  in  j 

lutel  nting  them  by  means  of  other  connections,  which  are  sometimes  used. 

complicated,  we  will  only  mention  them    figs.  4  and  5    w  ith- 
. .-tails  a-  to  the  nature  of  their  effects. 

It  should  !•■  .-'1  that  in  the  connection,  as  in  fig.  4,  the  varying  capacitj  of 
almost  |  influence  upon  the  accordance,  because  it  is  in  a 

in  of  tertiary  vibrations;  an<l  that  in  the  connection,  fig.5,  no  communication 

th  and  tin-  receiving  apparatus  is  made. 
al  advantage  of  all  those  receiving  connections,  as  already  mentioned, 
y,  in  the  exclusion  of  atmospheric  disturbs  econdly,  in  the  | 

bility  of  making  available  the  already  existing  vertical  conductors  connected  t<» 
earth  at  their  lower  extremities;  and  thirdly,  in  the  considerable  increase  in  the 

ption  obtained  through  a  very  purr  accordance. 

It  is  claimed  forth.-  receiving  apparatus  of  th  tn  that  they  an-  remarkable 
for  their  a  1  reliability.     As  they  work  in  tin-  open  without  any 

any  derangement  in  tin-  service  may  be  noticed  and  repaired. 

Tin:  Tb  \  K8MJ  l 

itter  is  equipped  in  a  manner  similar  to  the  receiver,     in 
employed  a  vertical  conductor  connected  with  earth.     The  electrical 

is  the  in  that  of  the  receive]'.      Whilst  in  the  latter  the  Byntonizing 
iductor  is  put  in  vibration  by  th.-  distant  effect,  and  thus  through  this 

vibrations  <  amplitude  arc  produced,  in  another  secondary 
ity.  comprising  the  indicator,  just  the  reverse  takes  |  lace  in  the 

iratus;  the  transmitting  conductor  connect  ccited  to 

a  primarj   system  a  corded  with  the  pi 
vibrai  pacity,  but  of  a  lesser  amortization.  shows  the  trans- 

si  tuple  form.     The  coil  6  serves  t"  regulate  the  fundamental  tone 

of  th'  length,  and  besides  t>.  obtain  at  !'.  a 
amplitude  of  the  excitation  spark,  C  Da 
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millimeters  spark  distance,  the  latter  is  increased  by  the  multiplicator  to  an  extensive 

degree,  and  rise  at  B,  for  example,  to  150  to  200  millimeters. 

The  transmitter's  apparatus  are  principally  the  following: 
If  they  have  alternating  current  at  their  disposal,  they  feed  the  source  of  high 

tension — the  inductor — directly  without  interruption  with  current  of  the  same  char- 
acter. This  system,  from  the  point  of  view  of  electric  intensity,  as  well  as  regards 

simplicity  of  arrangement,  is  the  most  advantageous.  Between  the  source  of  current 

and  the  inductor  there  will  be  interposed  only  one  Morse  manipulator  with  platinum 

contacts  and  a  spark  arrester.  In  place  of  condensers  they  use  very  small  Leyden 

jars  in  papier-mache  or  mica  boxes,  steadied  against  oscillations.  The  number  of 
jars  is  regulated  according  to  the  electric  conductor  of  the  source  of  high  tension  at 

our  disposal  and  the  length  of  the  transmitting  wire,  and  increases  with  both.  The 

spark  and  gap  is  so  built  that  no  sound  penetrates  it,  and  is  fixed  to  the  cylinder  of 

the  Leyden  jars.     The  apparatus  can  be  regulated  during  its  operation. 

With  continuous  current  they  use  their  patent  mercury  turbine  interrupter,  which 
on  board  of  vessels  is  hung  up  in  its  box  in  such  a  manner  that  it  receives  electric 

energy  from  all  possible  directions.  It  is  able  to  interrupt  relatively  great  primary 
inductions. 

Part  II— DESCRIPTION  OF  APPARATUS. 

According  to  the  different  modes  of  employment  are  furnished  two  types  of  sta- 
tions: 

1.  Normal  stations  for  ship  and  shore  purposes  in  three  different  designs — tor 
small  distances  of  up  to  40  kilometers  (24.85  miles),  for  medium  distances  of  up  to 

80  kilometers  (49.7  miles),  and  for  long  distances  of  exceeding  80  kilometers  (49.7 

miles)  across  the  sea. 

2.  Light  movable  shore  stations,  with  microphone  receiver  and  telephone. 

These  two  types,  as  a  whole  and  as  single  apparatus,  are  described  and  illustrated 
in  the  following  pages. 

A. — Apparatus  of  Type  1  (Normal  Ship  and  Shore  Station). 

A  complete  station  is  shown  in  fig.  9,  and  consists  of  the  transmitter  and  receiver. 

(a)   the  transmitter. 

(a)  Low-potential  circuit. 

The  arrangement  of  this  circuit  is  shown  in  fig.  10. 
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Fig.  10.— Low-tension  circuit  with  receiving  switch  and  resistance  for  weakening. 
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le  different  apparatus  placed  into  the  low-potential  circuit  are  a-  follows: 
induction-coil, 

primary  condens 
mercury-turbine  interrupter,  with  motor  and  slide  resistSJ* 

4.   ]  continuous  current-alternating  current  transformer. 
with  magnetic  spark  extinguisher. -tat. 

device  for  protection  from  lightning. 

;.  11 ). — The  induction  roils  used  for  type  1  differ  according 
be  bridged. 

(up  t«»  24.85  miles)  are  used  induction-coils  whose  jump  of 

gpark  is  about  1"»  centimeters  (5.9  inches),  and  which  are  contained  in  closed  wooden 
-      They  are  equipi>ed  with  the  usual  hammer  interrupter.     As  source  oi  cur- 

ise  a  battery  of  20  to  40  drycelki  of  about  16  volts,    The  consumption  of 

:n  ">o  to  KHJ  watt-. 

Hum  distances    up  to  49.7  miles)  we  use  induction-coils  of  about  30  centi- 
l.s  inches)  -park  length  for  a  maximum  load  of  about  1  kilo  volt-amp 

continuous  current  with  the  use  of  a  turbine-interrupter,  or  directly  l>y 
urrent. 

l«>ii;:  ilistaiK  »ve  49.7  miles)  the  induction-coils  have  a  capacity  of  3  kilo 
and  al-ovc.  and  arc  fed  either  directly  by  alternating  current  or  by  con- 
:it.  with  the  use  of  a  Grisson  continuous  current-alternating  current 

-former. 

;  idenser  is  put  in  the  circuit  parallel  to  the  pri- 
interruption  spark  of  the  induction  circuit  and  inclosed  in  a  wooden  box.     At 

n  it  is  located  at  any  convenient  place,  usually  in  the  vicinity  of  the  inter- 
rupt 

ith  motor  and  did*  resistant*  [fig.  13). — Themer- 
interrupter<  of  a  mercury-turbine  actuated  by  a  motor.    The 

nuni*  solutions  of  thi>  motor  may  be  varied  between  200  and  Lf000  a  minute. 

.  vertically  arrange*]  hollow  turbine  shaft  dips  with  its  lower  end  info  a  cast-iron 
ft  1  y  filled  with  mercury.     The  quantity  of  mercury  is :;  kilograms 

The  mercury  i-  sucked  up  by  the  turbine  shaft  through  the  rapid  rotation 
contained  therein,  and  then  squirted  out  in  a  horizontal  plane  through  an 

milium  '  -s  section.     A  metal  segment  is  arranged  concentrically 
.ift.      The  latter  is  -truck  by  the  rotating  jet  Of  mercury  during  part  of  each 

ition.     As  the  mercury  is  conducted  through  conducting  wires  \><  one  pole  and 
to  the  other,  makes  and  breaks  of  the  circuit  are  formed. 

tinguish  the  circuit  rk  rapidly  tin-  turbine  receptacle  is 
with  ai.  jo  that  tin-  sj.ark  occurs  under  alcohol.    The  length  of  th< 

the  \ oltage.     At  11"  volt-,  for  instance,  its  length  is  I  quad- 
and  at  32  volts  3  quadrants.     The  mean  intensit)  of 

Ijout  15  ain|H  i.-  w  it li  20  interruptions, 
/ip  the  I  interrupter  is  provided  with  cardan 

1  n  place  of  the 
and  in  older  to  obi  iat. 

patent,  shown 

1  the  in. I 

I'      M  liirh  !•  I  w  in. In, 

I  until 
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maximum  of  current  is  attained.  As  soon  as  this  is  the  case  the  circuit  P2  P3  is  also 
closed.  As  the  two  coils  have  a  common  iron  core  and  magnetize  in  opposite  direc- 

tions, there  is  generated  in  the  first  circuit  by  the  closing  of  the  circuit  P.,  P3  an 

electro-motive  counter  force,  which  decreases  the  intensity  of  the  first  current  and 
makes  it  approximately  zero.  At  this  moment  the  first  circuit  is  interrupted,  where- 

upon the  current  in  P2  P3  in  its  turn  rapidly  increases  to  maximum  intensity,  etc. 
In  order  to  effect  this  automatic  closing  of  one  and  the  other  circuit,  or  of  both 

simultaneously,  a  contact  device  in  the  shape  of  a  dynamo  collector  has  been  pro- 

'WMM' 
Fig. 12. 

vided.     This  contact  device  consists  of  two  contact  wheels,  U,  U2,  insulated  from  eael 
other  and  mounted  on  one  and  the  same  shaft,  and  which  have  on  the  one  hand 
two  continuous  current  conductors,  Bx  B2,  and  on  the  other  hand  a  common  brush, 
Bg,  which  brushes  alternately  against  the  laminations  of  U,  and  U2,  or  at  times 
nects  both  with  each  other. 

The  contact  device  is  actuated  by  a  small  motor.  The  transformer  does  not  sup- 
ply pulsating  continuous  current,  but  pure  alternating  current,  whose  form  of  curve 

can  be  varied  within  wide  limits.  The  number  of  periods  can  be  easily  varied 
from  15  to  about  100.     As  no  interruption  of  the  currents  takes  place  at  maximum 
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intensity,  an<l  there  are  consequently  no  interruption  sparks,  or  only  small  on 
by  means  of  this  transformer  t<>  employ  currei  intensity 

•lit-  induction  coil. 

nnal  induction  coil  ran  !>«•  used  for  the  transformer  by  merely  putting  in 
:  "   1*  . 

1th  magnetic  spark  extinguisher  [fig.  tS). — The  result  of  currents 
ntensity  being  interrupted  has  frequently  been  the  burning  out  <>r  fusil 

:  the  Morse  key.  thus  causing  the  most  annoying  interruptions 
in  1 1 1  *  ion. 

All  se  drawbacks  art.-  obviated  by  a  patented    Morse  key  with  magnetic 
tinguisher  in  two  designs,  namely,  with  magnetic  and  with  electro-magnetic 

spark  extinguisher.     The  latter  is  bo  constructed  that  it  can  be  easily  secured  to  any 
rial  Morse  key. 

for  movabL   stations). — The   rheostat   is  placed   in  the 
circuit  <>f  the  induction  coil  and  en  the  intensity  of  the  transmitter 

Hal  over  short  distan 
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(ft)  High-potential  circuit 

The  arrangement  of  the  high-potential  circuit  is  shown  in  fig.  14. 
The  different  apparatus  of  this  circuit  are  as  follows: 

1.  The  Leyden-jar  receptacle. 
2.  The  spark  gap. 
3.  The  transmitting  cable. 

4.  The  cut-out  spark  gap. 
5.  The  exciter  and  tuning  coils. 
6.  The  thunderstorm  commutator. 

1.  The  Leyden-jar  receptacle  (fig.  15). — The  receptacle  contains  3,  7,  or  14  double 
Leyden  jars,  and  consists  of  a  cylindrical  box,  between  the  upper  and  lower  founda- 

tion plates  of  which  the  jars  are  secured  in  place  by  felt  rings  put  between  them. 

The  casing  of  the  box  consists  of  a  pasteboard  or  micanite  cylinder. 

The  jars  are  double  jars  placed  within  each  other,  of  a  capacity  of  0.001  microfarad 

each.  Their  outer  coatings  are  connected  with  each  other  by  a  layer  of  tin  foil  on 

the  lower  wooden  foundation  plate.  Their  inner  coatings  are  connected  separately 

to  a  well-insulated  collecting  plate. 
For  transmitters  of  20  meters  (65.6  feet)  length  receptacles  with  three  double  jars 

are  used,  for  those  of  40  meters  (131  feet)  length  seven  double  jars,  and  for  lengths 
exceeding  this  fourteen  double  jars. 

2.  The  spark  gap. — The  spark  gap  is  set  vertically  on  the  collecting  plate  of  the 
receptacle  and  surrounded  with  a  pasteboard  or  micanite  cylinder  in  order  to  deaden 

the  sound.  The  ventilation  of  the  interior  of  the  same  is  effected  by  a  hard-rubber 
tube  on  top.  From  both  poles  of  the  spark  gap  rubber  cables  lead  to  the  secondary 

binding  post  of  the  induction  coil,  which  is  secured  to  the  wall.  The  arrangement 

of  the  circuit  is  such  that  the  upper  adjustable  pole  of  the  spark  gap  is  earthed  and 

thus  rendered  harmless.  The  lower  pole,  the  touching  of  which  would  have  strong 

physiological  effects,  is  made  conspicuous  by  being  painted  red,  and,  owing  to  its 

hidden  position,  it  is  not  easily  accessible. 

3.  The  transmitting  cable. — It  consists  of  one  or  more  rubber-insulated  strands  and 
forms  at  its  upper  end  (for  about  10  per  cent  of  its  length)  a  cylindrical  cage. 

4.  The  cut-out  spark  gap. — It  is  located  between  the  receiving  wire  and  the  exciter 

system  and  connected  to  the  loAver  part  of  the  Leyden-jar  receptacle.  Its  object  is, 

while  receiving,  to  cut  out  automatically  the  high-potential  circuit  of  the  transmitter 
from  the  receiver. 

5.  The  exciter  and  tuning  coils. — They  are  wound  on  the  cylindrical  casing  of  the 
jar  receptacle. 

6.  The  thunderstorm  commutator. — It  is  located  in  the  circuit  between  the  receiving 
wire  and  the  apparatus  room  and  serves  to  cut  off  the  former  at  the  approach  of  a 
thunderstorm. 

(b)  the  receiver. 

The  receiver  is  illustrated  in  fig.  16.  Aside  from  the  Morse  recorder  proper,  the 

alarm  and  call  bells,  and  the  tuning  coils,  all  of  which  are  assumed  to  be  generally 
known  and  will  therefore  not  be  specially  described,  the  receiver  consists  of  the 

receiving  apparatus  proper  with  the  battery  and  coherer. 

The  receiving  apparatus  contains  two  separate  circuits,  namely,  a  weak-current 
circuit  and  a  strong-current  circuit  (figs.  17  and  18). 

In  these  figures  the  wires  belonging  to  the  weak-current  circuit  are  indicated  by 

  —   ,  those  belonging  to  the  strong-current  circuit  by  .  —  .  —  .  —  .  —  .  — . 
Fig.  17  shows  diagrammatically  the  course  of  the  circuits;  fig.  18  the  actual  manner 

of  wiring. 
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-  tirrenl  •■'wcuit  \  figg,  ;:  and  : 

Thi.<  circuit  contains: 
1.  The  coherer    A  . 

he  interrupter    D 
;-;.  The  coherer  cell    F  . 
4.  TIr-  relay  winding    KB 
."«.  The  cond 
8.   The  r!  W    . 
7.  The  switch  for  switching  in  and  oaf  (Sch  . 

l.   T  -Vaconm  coherers  only  are  used,  on  the  one  hand,  to  protect 
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der  fills  the  greater  part  of  the  same  and  the  pressure  of  the  powder  increases.  The 

sensitiveness  of  the  coherer  is  then  at  its  maximum.  When,  on  the  other  hand,  the 

wider  part  of  the  gap  is  downward  and  the  powder  thus  distributed  over  a  greater 

surface,  the  powder  pressure  decreases  and  the  sensitiveness  of  the  coherer  is  there- 
fore at  its  minimum. 

The  coherer  rests  in  bearings  in  which  it  is  revolvable  around  its  horizontal  axis. 

A  regulating  wheel  with  pawl,  secured  to  the  coherer,  renders  it  possible  to  give  the 

coherer  any  desired  degree  of  sensitiveness  and  subsequently  to  restore  any  prede- 
termined sensitiveness  each  time.  By  this  novel  arrangement  of  tapper  and  coherer 

it  has  become  possible  to  vary  the  sensitiveness  of  the  latter  even  during  telegraphing. 
The  coherer  can  be  very  easily  exchanged,  owing  to  the  use  of  the  metal  caps  for 

connecting  them.  Coherers  of  medium  and  high  sensitiveness  are  used  according  to 
the  distance  over  which  it  is  desired  to  signal. 

2:  The  interrupter  (U). — The  arrangement  of  the  interrupter  spring  U  is  such  that 
by  the  movement  of  the  tapper  lever,  just  before  the  ball  strikes  the  coherer,  the 

weak-current  circuit  is  opened,  thus  removing  from  the  coherer  the  voltage  of  the 
coherer  cell.  This  arrangement  effects,  on  the  one  hand,  easier  and  more  immediate 

disconnection  of  the  coherer,  and,  on  the  other  hand,  greater  durability  of  the  same, 

since  the  weak-current  spark  formed  at  the  tapping  in  the  coherer  and  powder  is 
transferred  to  the  outside,  namely,  to  the  place  of  interruption  U. 

This  arrangement  has  also  made  superfluous  the  nonmductive  resistances  connected 

parallel  to  U  which  were  necessary  in  other  systems  of  circuiting  hitherto  in  use. 

3.  The  coherer  cell  {F). — It  is  a  dry  cell,  whose  voltage  may  be  from  1.2  to  1.5 
volts.  At  voltages  above  1.5  the  coherer  works  irregularly,  while  at  voltages  below 
1.2  the  sensitiveness  of  the  relav  is  no  longer  sufficient. 

4.  The  relay  winding  (R  R). — The  resistance  of  the  coherer  falls  at  normal  inten- 
sity to  about  2,000  ohms.  Therefore  the  relay  winding  is  given  the  same  resistance, 

namely,  about  2,000  ohms.     The  relay  used  is  of  the  polarized  type. 

Its  operation  is  about  as  follows: 

A  permanent  steel  magnet  magnetizes,  on  the  one  hand,  the  iron  cores  Pj  Pa 

within  the  coils  in  such  manner  that  the  upper  pole  pieces  remain  magnets  of  the 

same  polarity,  and,  on  the  other  hand,  a  soft-iron  tongue,  movable  between  these 
pole  pieces  in  such  manner  as  to  give  the  tongue  opposite  magnetic  polarity.  This 

tongue  is  maintained  in  a  certain  position  by  two  contacts  Dl  D2,  D1  being  a  rest  con- 

tact, D2  a  wTork  contact. 
By  changing  the  positions  of  Dl  and  D8  the  tongue  is  placed  in  a  labile  magnetic 

equilibrium,  resting  against  D,,  when  no  current  passes  through  the  relay.  When 
weak  current  from  the  coherer  cell  passes  through  the  relay  coil  the  magnetizing  of 

one  of  the  iron  cores  is  increased,  while  that  of  the  other  is  decreased.  This  dis- 
turbs the  stable  equilibrium  of  the  tongue  and  causes  it  to  strike  against  the  work 

contact  D2.  By  a  counterweight,  G,  secured  to  the  relay  tongue,  the  latter  is  bal- 
anced in  any  position,  so  that  the  relay  can  be  inclined  90  per  eent  toward  the 

horizontal  plane. 

5.  The  condenser  ( C) . — The  condenser  lies  parallel  to  the  dry  cell  and  relay  coil] 
Its  capacity  is  0.01  microfarad,  hence  infinitely  high  as  compared  with  that  of  the 
coherer.  It  consists  of  sheets  of  tin  foil  insulated  from  each  other  by  layers  of  mica. 

The  condenser  takes  up  the  voltage  shocks  acting  upon  the  coherer  through  the  self- 
induction  of  the  relay,  and  thus  facilitates  disconnection  of  the  coherer.  The 

earthing  at  Ej  is  carried  by  the  condenser  (avoiding  the  self-induction  of  the  relay) 
directly  to  the  coherer  through  the  interrupter  V . 

6.  Therheostat  (  ID. — It  serves  to  reduce  the  receiving  intensity  of  movable  stations 

for  the  exchange  of  messages  over  ver;.  short  distances.     At  the  same  time,  by  adjust- 
ment of  its  crank,  the  tuning  is  disturbed  and   the  effect  of  the  waves  striking  the 

coherer  is  reduced  (choked).     In  order  that  the  turning  back  of  the  crank  at  inert 

ing  distances  may  not  be  forgotten,  it  actuates  simultaneously  a  cut-out  for  the  turbine 
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circuit.  ->j  that  it  becomes  necessary  each  time  het'ore  transmitting  t..  place  the  crank 
the  initial  position. 

n  >a«l  o        [        . — The  Bwitch  i  I  opens  the  fol- 
lowing connections:  The  weak-current  circuit  to  the  coherer,  the  Btrong-current  cir- 

lay,  the  high-potential  circuit,  and  the  earth  circuit.  All  influencing 
of  tne  receiving  apparatus  by  the  transmitter  at  the  same  station  i>  thereby  obviated. 
Short  circuits  in  the  Btrong-current  circuit,  which  in  <>tlu  r  cases  manifest  themselves 
by  sparking  at  the  relay  t'»iiLrue.  are  thereby  entirely  precluded. 

On  the  same  cut- out  tin  in  addition  two  contact  posts,  r>,.  I'..  which  are  con- 
1  with  each  other  when  the  switch  i-  open  and  disconnected  when  the  switch 

Ls  closed.     The  primary  current  of  the  induction  coil  is  conducted  through  these 

-  ilt  being  that  it  by  inadvertence  it  should  be  forgotten  t"  open  the 
coherer  switch  for  the  purpose  of  transmitting,  the  induction  coil  will  receive  nocur- 

»n  of  the  Morse  key,  so  that  no  sparks  are  generated. 

Thi  strong-current  circuit  (Jigs,  tl  and  t8).      • 

In  the  Btrong-current  circuit  are  Located: 
1.  The  strong-current  battery  (not  Bhown  in  diagram). 

The  relay  work-contact  Dt  and  the  tongue. 
4.   1  ation  cells  Q  connected  in  parallel, 

rhe  M'  mown). 
The  alarm  device  parallel  to  the  Morse  magnets    not  shown). 

current  battery  consists  of  4  dry  cells,  which  at  first  have  a  voltag 
its.    The  current  starting  from  this  battery  I  black  connect- 

pnnnm  through  contact  Klt  which  is  on  the  receiving  apparatus  in  the 
K.  through  the  relay  tongue,  the  work-contact,  the  tapping  device,  and 

tid  plug-contact  K,  back  to  the  battery.     As  long  as  the  relay 
ist  the  rest  contact  1',,  the  polarization  cells  Q are  connected 
irrent  circuit.     When  the  polarization  cells  have  received 

hort  charging  shock  and  thereby  acquired  an  electro-motive 
the  battery  current  becomes  zero,  bo  that  no  weakening  of  the  battery 

-  current  takes  plao  in  noninductive  ohm  n 
ted  parallel  to  the  spark  ga] 

Win  lit  of  the  relay  tongue  is  closed  the  current  is  conducted  through 
\  I  lit  h  is  about  6  ohms,  and  the  polariza- 

e  discharged  simultaneously.     Upon 

larization  cells  admit  the  amount  of  electricity  pro- 
til  through  the  self-induction  of  the  tapper  and 

opening  spat  k  w  hich  i 

the  tappei       it  has  fom  i 
ullel  in  pairs  and  one  pair  of  which  can  1  Bj 

I  t-.  tl.  t  ..ut   tin-  M 

lei  to  tin-  lapp- 

the  M 

ii in  interru] 
in 

■ 
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Dry  cells  are  used  as  source  of  current. 
The  transmitting  wire  is  an  ordinary  uncovered  wire,  held  in  the  air  by  means  of 

small  kites  or  balloons. 

(b)  microphone  receiver  with  receiving  telephone. 

As  a  receiver  a  tunable  microphone  receiver  with  receiving  telephone  is  used. 
Starting  from  the  fact  that  microphones,  different  from  coherers,  are  not  actuated 

by  voltages,  but  by  current  intensities,  the  Slaby-Arco  people  have  arranged  their 
system  of  circuiting  for  microphone  receivers  in  such  manner  that  the  microphone  is 
located  in  an  artificially  increased  potential  loop  of  the  receiving  wave  circuit  (fig. 
19) .  As  the  microphone,  moreover,  has  not  been  placed  directly  into  the  receiving 
system,  but  into  a  branch  of  the  same,  they  claim  to  have  succeeded  by  their  system 
of  circuiting  (the  same  as  in  their  system  with  coherers  as  indicators),  on  the  one 
hand,  in  precluding  entirely  atmospheric  disturbances,  and  on  the  other  hand,  in 
attaining  pure  tuning  and  thus  increasing  the  receiving  intensity. 

The  dry  cell  F,  which,  through  the  double-pole  switch  Q  is  connected  in  series  to 
the  grain  or  spring  microphone  M  and  the  receiving  telephone  T  through  the  chok- 

ing coil  D,  is  contained  in  a  wooden  box.  By  the  closing  and  opening  of  a  contact 
button  K  the  microphone  is  raised  to  an  initial  resistance  of  about  150  ohms,  so  that 
a  weak,  continuous  current  corresponding  to  the  resistance  of  M  passes  through  the 
telephone. 

When  the  distance  effects  received  by  the  transmitting  wire  S  strike  the  micro- 
phone at  A,  its  resistance  varies  within  narrow  limits  and  causes  alternations  of 

potential  of  the  local  battery  F.     At  each  spark  of  the  transmitter  a  noise  is  heard  in  T. 
The  primary  frequency  of  the  transmitter  should  be  at  least  high  enough  to  cause 

100  sparks  to  jump  over,  because  tones  of  a  less  number  of  vibrations  than  100  a 
second  are  more  difficult  to  hear  through  the  telephone. 

The  tuning  of  such  a  microphone  receiver  is  effected  by  connecting  it  to  the 
receiving  wire  S,  which  is  tuned  to  the  oscillations  of  the  transmitter  through  the 
tuning  coil  &!  close  above  the  earthing  point  at  B  in  a  branch  circuit,  which  latter 

is  tuned  to  the  oscillations  of  the  transmitter  by  the  self-induction  S  and  the  con- 
denser C,  adapted  to  be  regulated  by  crank  and  earthed  at  E. 

The  sensitiveness  of  the  microphone  receiver  is  greater  than  that  of  a  sensitive 
coherer,  so  that  with  the  use  of  the  microphone  the  maximum  signaling  distance  is 

considerably  longer  than  with  the  use  of  the  coherer.  But  owing  to  the  very  vari- 
able resistance  of  the  microphone  it  is  impossible  to  record,  by  means  of  a  relay  and 

Morse  recorder,  the  changes  of  resistance  produced  in  the  microphone  by  the  elec- 
tric distance  effects,  so  that  no  written  signals  can  be  obtained  with  the  microphone 

nor  can  the  station  be  called  up. 

P0P0FF-DUCRETET  RECEIVING  STATIONS. 

Fig-.  1  is  a  total  view  of  the  organs  of  the  receiver.  They  are 
inclosed  in  an  easily  portable  metal  box.  Fig.  2  is  a  diagram  of  the 
connections  (E.  Ducretet  establishments). 

The  Branly  coherer  and  A.  Popoff  automatic  tapper  are  the  princi- 
pal parts  characteristic  of  this  Popoff- Ducretet  receiver.  The  coherer 

Br  is  fitted  with  a  device  adapted  for  the  transmission  and  reception 
of  electric  waves  at  long  distances.  Figs.  3  and  4  show  this  Ducretet 

coherer.  It  is  air-tight,  adjustable,  and  can  be  taken  apart.  The 
metal  filings  at  L  are  protected  from  dampness  and  renewal  of  the  air. 
The  practical  advantages  of  this  device  are  of  the  utmost  importance, 



M 

W ^ 

^ 

O 
A 

a 

i 
VH 

z^v 

F^O 

S 

SLABY-ARPO  FIELD  SYSTEM. 





61 

ifi  they  permit  very  good  coherers  to  be  obtained  in  a  fen  minutes,  in 
all  kinds  of  weather  and  places.  These  coherers  can  be  brought 

quickly  to  the  required  degree  of  sensitiveness. 
shows  an  adjustable  Ducretet  tube  of  great  sensitiveness.     It 

n«>t  have  electrode  plugs  soldered  into  the  glass,  but  electrodes  of 

parallel  and  neighboring  wires  soldered  into  the  glass  at  a  h.     This 
coherer  po   es  great  advantages;  but  as  its  adjustment  is  effected  by 

rsing  from  K  to  K'.  and  vice  versa,  the  coherer  shown  in  figs.  3 
and  4  i-  more  practical. 

We  have  employed  several  types  of  automatic  tappers;  some  of 

them  break  automatically  tin-  circuit  of  the  coherer:  others  apply  the 
principle  of  automatic  short-circuiting.     These  devices  furnish  good 

It-.     When  well  adjusted,  the  one  shown  at  E  F.  fig.  2,  works 
tly. 

_.  l  -how-  at  K  the  Siemens  polarized  relay  which  has  been  sue- 
fully  used  by  different   electricians  in  their  experiments.     This 

relay  when  well  regulated  has  no  superior  a-  to  sensitiveness;  hut  it 
must  i>e  conceded  that  it-  adjustment  i<  delicate,  and  when  not  made 
properly  this  Siemens  relay  Loses  all  its  sensitive  qualities, 

At  the  verj  beginning  of  Hertzian  wireless  telegraphy  we  indicated. 
och  patent  of  November,  L897,  and  in  our  notice  of  L898, 

our  preference  tor  relay-  with  movable  frame  as  giving  good  results 
and  offering  advantages    tor  use  in   connection  with  wireless  tele- 

graphy.     In   this   direction    we  have   made  several  very  important 

improvements  in  the  movable-frame  relay  designed  by  Siemens  in 
:  and  successfully  used  since   L885  in  France  aa  well  a-  in  England 

in  submarine  cables. 

The  diagram  in  fig.  •'»  -how-  a  relaj  of  the  Ducretet  type.     The 
ineiit  and  the  means  of  adjustment  characteristic  of  this  relay 

ensitiveness,  quick  and   easy  adjustment,  and 
w bile  in  operation. 

I    e  auxiliary  resistances  required  for  the  perfect  operation  of  the 

rela.  l:  'i  have  been  mentioned  bj  different  authors  (Cullej  in 
ourselves.  The  resistance!  Eta,  Eb  He  fig.  2,  answer 

this  purpose  .  Additional  resistances,  referred  to  bj  Mi.  A.  Popofl  in 
181*5,  m:t .  >h  j »ut  in  tin-  circuit  of  the  receiver. 

Th.   batterj  1'  •>!  the  coherer  (fig.  2)  should  be  of  -mall  rolts  •■       The 
haii.  ried  (»\  us  for  wireless  telegraph}    is  of  small 
I  i  1 1       .an.  i  \  I',  a-  well  a-  the  batter}  I 
the  tappei  tted  in  the  compartment  at  the 

i  .i.i   I'opofl  i  \  | 

ih*  I"  \.  ;el.'n,  |  I      tuber,  I  I  be  lattii 
■I    tic-    hai  !    jmi  t  il   I  mi.  -  o\i,li/. ■■!  i   j.la,  , 

alone  th<  n  i»f  i li i -  apjiaratu*. 
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The  circuit  comprises  a  battery  (placed  in  the  compartment  at  the  rear 

of  the  portable  box),  the  two  telephones  T  T',  and  the  special  coherer 
Br;  an  interrupter  I  opens  and  closes  this  circuit.  The  collecting 
wire  is  placed  at  L  and  the  earth  connection  at  Te,  the  same  as  above 

(%  2). 
This  apparatus  does  not  require  any  relay  nor  an  automatic  decoherer 

(Popoff  tapper);  as  soon  as  an  electric  wave  has  struck  the  coherer  the 

latter  returns  to  its  original  state  of  resistance,  and  the  changes  of 

resistance  are  perceptible  directly  in  the  telephones.  The  reading  is 

done  by  sound. 

The  E.  Ducretet  automatic  Morse  receiver  (fig.  8)  is  adapted  to 

receive  the  signals  without  the  assistance  of  a  telegraph  operator. 
All  by  itself  this  automatic  recorder  unrolls  its  paper  fillet  as  soon  as 

a  signal  arrives  and  stops  of  itself  as  soon  as  the  signals  cease  to 

appear  at  the  receiving  station  (figs.  1  and  2).  Blank  spaces  separate 

from  each  other  the  telegrams  received  and  recorded  on  the  strip  of 

paper. 
In  a  thunder  storm  this  receiver  is  able  to  record  automatically  the 

atmospheric  discharges  ("Comptes  Rendus  de  PAcademie  des  Sci- 

ences," June  13,  1898)  even  when  far  off.  In  the  majority  of  cas 
we  have  been  able  to  ascertain  that  such  intermittent  atmospheric  dis- 

charges did  not  render  illegible  the  Hertzian  telegrams  received 
simultaneously. 

The  Ducretet  automatic  recorder  for  Hertzian  wireless  telegraphy 

and  for  ordinary  electric  telegraphy  can.  in  certain  cases,  insure  the 

privacy  of  the  messages  received;  the  person  for  whom  they  are 

intended  can  take  off  the  messages  so  recorded  one  after  another  as 

they  are  sent  without  needing  the  presence  of  an  operator.  (Bulletin 

de  la  Societe  d'Encouragement."  December.  1898.) 
The  automatic  release  of  this  apparatus  is  at  A  R.  and  is  controlled 

by  the  relay  lever  R'.     (See  Guide  and  special  instructions.  | 

Transmitting  Stations. 

Fig.  17  shows  a  complete  transmitting  station.     It  comprises: 
Bo=Ruhmkorff  induction  coil. 

I=Periodical  interrupter. 
M=Operating  key. 
0  =  IIertz  radiating  oscillator  with  two  balls  (Jig.  10). 

The  Ruhmkorff  coil  Bo  is  a  transformer  of  electric  energy.  Our 

Ruhmkorfi'  coils  can  be  easily  transported  and  are  equal  to  any  as  to 
energy  and  durability.  The  earthing  of  one  of  the  poles  offers  no 
difficulty  (tigs.  9  and  10). 

Fig.  10  is  a  complete  diagram  of  the  transmitting  apparatus:  fig.  11. 

of  a  Hertz  radiating  oscillator  of  the  Popotf-Ducretet   type.      In  ti. 
9  and  10  the  latter  is  shown  at  O. 
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The  earth  connection  Ca'  and  the  connection  to  the  insulated  con- 
iuctor  Ca  of  the  Hertz  oscillator  (Tesla,  L893)  perform  the  functions 
bf  electric  capacities,  rendering  the  sparks  jumping  at  X  oscillating. 

Lischai .  t  up  electric  oscillations  which  are  propagated 

through  (*a  (fig.  10)  and  then  into  -pace.  The  upper  part  of  Ca  (the 
radiating  conductor)  appears  to  be  the  most  effective  for  this  propa- 

gation of  electric  waves  through  space. 
In  the  primary  circuit  of  the  Ruhmkorff  coil  Bo  arc  the  periodical 

Interrupter  I  and  the  operating  key  M  (fig.  9),  according  to  the  diagram 
bf  fig.  L0. 

By  mean-  of  the  operating  key  M.  for  strong  currents  (E.  Ducretet 
t\  pe),  there  are  produced  in  the  secondary  circuit  of  the  induction  coil 
Ho  intermittent  discharges  of  long  or  short  duration,  and  consequently 
I  series  of  oscillating  sparks  at  X.  tic;.  1 1.  of  the  same  duration.  They 

launch  into  space  long  and  short  Hertzian  signals,  which,  in  different 
combinations,  constitute  the  conventional  language  known  as  the  Morse 
H'jnal  code.  These  Hertzian  signals  or  electric  wave-  are  received  by 

tin-  collecting  wire  (a.  which  i»  carried  to  the  coherer  of  the  receiving 
Station  (figs.   1.  2,  and  7). 

B.     When  using  double  stations,  the  conductor  Ca  (fig.  I"1)  is  the 

collecting  or  the  radiating  wire,  according  a->  the  station  receives 
transmits. 

The  periodica]  interrupter,  indicated  at  I  and  at  M  (figs.  9  and  10). 
ha-  an  electric  motor  and  intermittent  contacts  in  the  mercury. 

The  periodical  interrupter  shown  in  tic;-.  L2  has  solid  contacts,  cop- 
ii  copper,  in  an  insulating  fluid.     It  operate-  directly,  without 

an\  auxiliary  current,  in  the  same  circuit  as  induction  coil  Bo  (fig.  12), 

■i.   I  i-  oi    lln. ii    Potential  and  High  Freqi  en<  \   Applied 
Wireless  Telegraphi     Syntoni    oi    Stations    Simulta- 

neous Reception. 

we  were  the  firs!   in   Prance  to  construct  apparatus  after  the 
1.    Tbon    on  and   V  Tesla  principle  (currents  of  high  potential  and 
high  freqw  and  also  apparatus  for  wireless  telegraphy,  it  was 
hut  natural  thai  we  tthould  appl\  these  currents,  of  whose  inductive 
powi  to  wireless  telegraphy,  since  \Ne  had  at  our 

the  apparatus  det  ised  for  the  generation  of  such  i  urrents. 

Our  p  ,and-.  eial  notices  iu  1898  aud  1900, as  well 
lappli  i  patents,  indicate  elearlj  the  employment 

nts  in  wi relet-    telegraphy  (anticipated  bj  Tesla  as  earl} 

pcriim  nl     b<  twe*  n  our  ex  pel  imental 

lion-,  we  hi..    .  i  forth  tin-  practical  importance  of  the  results  m  i 
with  i  i   potential  mid  high  f  requeue)  applied 
,  in.  in.  hLh  w  ill  make  it  Rppai 
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ent  that  these  currents  increase  the  range  of  the  waves  and  facilitate 
their  reception  at  great  distances;  that  thej  render  it  possible  to  tune 
two  stations  to  each  other;  that  the  aerial  conductor  can  not  assume  a 

state  of  charge  under  the  influence  of  atmospheric  electricity,  being 
in  direct  connection  with  the  earth;  that  the  aerial  conductor  while 

transmitting  (radiating  conductor)  can  be  touched  with  impunity,  the 

innocuity  of  the  currents  of  high  potential  and  high  frequency  hav- 

ing been  positively  demonstrated  by  Dr.  d'ArsonvaFs  physiologic JB 
experiments. 

As  the  capacity  of  the  condensers  of  these  apparatus  can  be  varied 

within  very  wide  limits,  as  also  the  self-induction  of  the  circuits,  it  is 
possible  to  obtain  the  necessary  resonance  and  waves  of  sufficient 
length  to  render  the  phenomenon  of  diffraction  very  perceptible  and 

to  permit  the  transmission  of  Hertzian  waves  to  great  distances  not- 
withstanding the  interposition  of  material  obstacles,  such  as  the  cur- 

vature of  the  earth,  hills,  islands,  etc. 

The  period  of  the  electric  oscillations  set  up  in  the  transmitting  cir- 
cuit varies  with  the  self-induction,  the  capacity,  the  height  of  the  aerial 

conductor,  and  the  length  of  the  oscillating  spark  passing  at  X  (figs. 
10  and  11).     The  period  T  of  the  electric  oscillations  is 

T=2  7t  \/LC,         ( Thomson' s  formula. ) 

L  and  C  being  respectively  the  self-induction  and  the  capacity  of  the 
circuit. 

If  the  corresponding  elements  L'  and  C  of  the  receiving  circuit  can 
be  varied  in  the  same  manner  and  the  result  T  made  to  equal  T\  reso- 

nance will  have  been  effected  between  the  transmitter  and  receiver  and 

the  stations  made  s}7ntonous.  From  this  point  of  view  the  experiments 
of  Prof.  O.  Lodge  are  interesting  and  very  lucid. 

By  the  appliances  devised  by  us  to  that  end  such  resonance  can  be 

effected.  They  are  adaptable  both  to  the  receiving  and  the  transmit- 
ting apparatus  which  we  have  described.  These  appliances  will  be 

described  in  the  near  future  in  a  special  notice.  These  appliances 
render  it  possible  to  receive  messages  simultaneously  on  two  different 

apparatus  with  the  same  aerial  conductor  and  with  transmitters  emit- 
ting waves  of  very  different  wave  lengths. 

According  to  Maxwell,  the  propagation  of  the  Hertzian  undulations — 
that  is  to  say,  the  alternating  current  of  high  frequency — takes  place 
in  the  surface  part  of  a  conductor,  while  in  the  case  of  continuous  cur- 

rents the  transmission  takes  place  through  the  whole  mass  of  the  con- 
ductor. Following  this  order  of  ideas  and  the  experiments  of  Branly 

in  1890  and  of  Popoff  in  1895,  Professor  Slaby  has  demonstrated  that  it 
is  possible  to  receive  simultaneously,  at  a  great  distance,  with  one  and 

the  same  aerial  conductor,  two  telegrams,  one  b}T  means  o(  the  Hert- 
zian waves,  the  other  by  the  ordinary  method  of  electric  telegraphy 

with  batteries. 
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es  i  <\    Kim  rwc  Km  i:<  n  . 

Th«-  long-distance  effects  characteristic  of  Hertzian  wireless  telegra- 
phy require  receivers  of  only  small  electric  energj  .     It  i-  not  so  in  the 

transmitters;  t<»  insure  their  perfect  working  they  require  great  elec- 
tric .  supplied  either  by  a  battery  of  accumulators,  :i  dynamo, 

galvanic  battery  of  great  power. 

THE  BRAUN   'SIEMENS-HALSKE  >  SYSTEM. 

ran  L'Biclaimge  foectriqoe,  February  l.  19Q2.J 

The  fundamental  idea  of  Mr.  Braun  and  of  his  wireless  telegraphy 

S  ements  is  the  use  of  condensers  in  greater  or  less  quantity  in  the 
villi  circuit. 

The  induction  coil  charges  the  condenser,  and  it  is  the  discharge 

k  of  tin-  battery  between  the  oscillator  poles  which  produces  the 
•  illation  to  be  transmitted  to  the  antenna. 

in  the  first  arrangements  of  Marconi  and  those  of  Slaby,  at  least  in 
the  earlier  or  simpler  forms,  the  electric  vibration  is  imparted  to  the 
antenna  by  very  rapid  oscillations  of  very  short  wave  Length.  With 

fcondensers,  on  the  contrary,  the  oscillations  are  much  more  rapid,  cor- 
responding t"  distinctly  longer  wave  lengths. 

It  i-  in  the  utilization  <>t"  great  wave  lengths  instead  of  short  ones 
that  Mi.  Braun  claim-  t»»  vary  from  other  method-.  According  to 
Mr.  Braun,  the  earlier  Marconi  system,  having  it-  oscillator  directly 

joined  to  tin-  antenna  and  to  earth,  presents  the  following  disadvanta 

It  in  n<»t  j  t()  increase  tin-  useful  effect  by  increasing  the  potential  (i.  e., 
i  value,  which  is  soon  reached.    The  -park  ceases 

'i\<-.     All  additional  energy  i-  useless  for  transmission  and  seems  t<>  be 
t  in  tin*  hj.ark. 

h  i| — ible  to  obtain  good  capacity  in  the  aerial  conductor  when  it  is  open. 
I  *ing  the  effects  at  a  distance  is  in  lengthening  the 
aii1'  ■  ><>ii  limit  lhi>. 

at  a  high  potential.     Beside*  the  dangei  which  this  may 
r  t"  prevent  the  discharge  <-i  tin-  antenna 

■  nt  an-1  n  Miltii.  ion. 
lly  deadened  b)  the  spark,  which  Is  injurious  £  anoe 

ny.     Am  is  w ■  1 1  known,  what  \\«-  i-  only  the  par- 
ti l>\  the  first  impulses  of  einii-wion       \> 

illation  in  « lu.li  s] 
in. I  the)  umy  be  eliminated  to  some  extent  if  the ed  later, 

the  din 

Mi     I '.rami  •  I  I  |  ioil  in  nn  hi.  Ii  tin-  OScilla 
to  the  antenna  bj  induction  instead  of  directly,  the 

|»l  oloilgt'd   a!  Ildan    of  H      [MH'iul  tl 
forme  i    \  b  irk  dis< 
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Fig.  1  shows  this  arrangement. 
Mr.  Braun  claims  that  this  eliminates  the  above-mentioned  disad- 

vantages and  presents  the  following  improvements: 

1.  Very  great  quantities  may  be  used  in  the  primary  circuit  with 

useful  effect.  Increasing  the  primary  energy  increases  the  useful 

effect  in  much  greater  proportion  than  in  the  Marconi  arrangement. 

In  proof  of  this  he  gives  the  following  table.  It  is  not  stated  how  the 

values  are  obtained,  but  probably  by  the  limit  range  of  transmission 
in  each  case. 

Current  in  coil  in  amperes. 

Relative  electro- magnetic energy. 

Marconi. Braun. 

2   „   

10 
10 

10 

26 

2£-3   

40 

4   

55 
6   62 

2.  The  oscillations  of  the  antenna  have,  as  has  been  proved  by  Tesla, 

very  little  physiological  action.  It  is  possible  to  touch  the  antenna  or 

even  to  draw  sparks  from  it  without  danger. 

3.  Less  care  in  insulating  the  antenna  is  required.  Oscillations 

in  the  primary  are  rarely  influenced  by  defective  insulation  in  the 

antenna,  and  the  gaps  noted  above  are  impossible. 

4.  The  oscillations  of  primary  and  secondary  circuits  are  little 

deadened  and  may  be  regulated  so  as  to  increase  considerably  the  vibra- 
tory amplitude  of  the  antenna,  owing  to  the  resonance  obtained  in 

the  two  circuits,  and  thus  we  have  good  use  of  the  primary  energy. 

One  of  the  circuits  contains  the  condensers,  the  spark,  the  primary  of 

the  transformer:  the  other  circuit,  its  antenna  and  the  secondary  of 
the  transformer.  The  resonance  between  the  circuits  must  be  made 

as  great  as  possible  by  arranging  suitably  the  number  and  size  of 
the  condensers  as  well  as  the  windings  of  the  exciting  transformers. 

When  the  proper  electric  dimensions  arc  found  for  the  different 

heights  and  sizes  of  antenna,  they  may  be  easily  duplicated. 

5.  Finally,  the  vibrations  of  great  wave  length  and  but  slightly 

deadened,  which  are  set  up  in  the  antenna  and  transmitted  into  space. 

satisfy  the  fundamental  requisites  for  obtaining  a  satisfactory  electric 
accord  between  transmitter  and  receiver.  The  problem  of  syntony  is 

thus  a  long  step  nearer  to  solution. 

We  may  now  show  the  various  arrangements  of  Braun  for  using  the 

discharge  of  condensers,  directly  or  by  induction. 

1.  Direct  Excitation  of  the  Antenna. 

Fig.  2  represents  one  of  these  arrangements.  If  tin1  induction  coil 
S  were  not  fixed  at  A.  but  at  another  point,  for  example,  to  take  an 



extivin.  at  the  upper  end  B,  of  the  anntenna,  we  have  an  arrai 
Bient  described  by  Slab  y.     (Seep.  notes.) 

Braun  claims  that  bis  arrangement  is  entirely  different  in  principle 
ami   superior  theoretically  and    practically   to  the  analogous  on< 

Slaby.     1I«'  agrees  with  Slahy.  however,  that  the  vibratory  movement 
of  the  antenna  might  be  influenced  by  the  addition  of  capacities,  alone 
or  combined  with  induction  coils  which  end  the  antenna  B. 

shows  no  dir<  nnection  to  earth  of  tin*  vibratory  circuit. 

A  point  of  thi-  circuit  may  also  be  connected  to  earth  directly  or  bya 
gpark.  This  is  done  in  the  arrangements  shown  in  figs.  3  and  l.  In 
ivery  case  even  with  direct  excitation  of  the  antenna,  in  order  to  have 
the  best  effect  it  is  necessary  t<»  obtain  resonance  of  the  antenna  itself 

and  th<-  vibratory  circuit. 

•J.    K\(ITAIK»\    bi     I\di<  n<»\. 

Usually  <>n<-  of  the  end-  of  the  antenna  is  insulated  completely  from 
me  earth.  According  to  Braun,  the  transmitter  coil  in  which  the 

aerated  need'  not  necessarily  be  earthed.  Also,  instead 
of  being  at  one  end,  it  may  he  carried  nearer  to  the  middle  and  divide 

he  transmitting  circuit  into  tN\<»  equal  parts  (fig.  5).  Braun  doe-  not 

£riv<-  indication-  a-  to  tin*  best  relative  positions  of  the  two  parts 
A  B,  (    D. 

The  ends  of  the  transmitter  may  !»<■  joined  t«»  earth  by  the  inter- 

median    M  of  a  self-induction,  a  suitable  capacity,  a  combination  <>t* 
in  ohmic  resistance,  or  l»\  a  -park. 
represents  a  form  used  in  practice     I>  is  a  spark  joined  to 

th.     It  is  at  a  maximum  explosive  distance.     This  spark  can  as  well 

placed  :tt  A.     The  arrangement  <>t'  fig.  7  ma\  al-<>  (»«•  employed, 
which  in  it-  turn  may  be  modified  or  combined  with  many  others.      \ 
;  ircuit  maj  itself  be  joined  to  earth  di recti j  or 

tly.     Then         a  number  of  modifications  given  bj  Braun  to 
.m-IIK-Ii! 

In  all  i  iii  principle  upon  the  useof  condensers  and 
r  part  upon  the  excitation  of  the  antenna  bj  induction. 

i  i-»-  an  eih.rt  i-  made  to  arrange  the  dimensions  of  the  cir 
■  :-l'\  the  conditions  <>t"  resonam 
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VI. 

NAVAL  MANEUVERS  OF  1901. 

By  Lieutenant  Louis  M.  Nulton,  United  State-  Navy. 
TntelUgena   Officer. 

Section  I. 

ENGLAND. 

These  maneuvers  were  on  a  larger  scale  than  ever  before  attempted, 

less  than  L(k>  ships,  large  and  small,  participating. 

The  Channel  Squadron,  known  as  X   Fleet,  consisting  of  modern 

!|>     ivpivscnting  an   enemy,  with    Ireland,  the  Channel,  and    Scilly 

a-    hases,    was   pitted  against  the   Reserve  Squadron,  styled   the 
i.  the  latter  comprising  less  modern  hut  more  numerous  vessels, 

eh  fleet  had  the  services  of  torpedo  flotilla.*  and  cruisers,  in  all 
111  torpedo  boats  and  destroyers  taking  part. 

A  I  in  the  order  of  the  Admiralty.  "Each  fleet  is  to  try  to 
ommaud  of  the  English  Channel  and  of  the  approaches  to  it 

*>t.  (icorges  Channel.  iltimate  aim   being  to  stop  trade  in 
]•-  and  li"  i\  er  it." 

\eral  weeks  vessels  were  preparing  a(  the  various  dockyards, 
hut  no  official  announcement  was  made  until  July  1 1.  when  the  official 

amine  wa>  given  to  the  pre?  the  Admiralty.      On  the  same  day 

Vdmiralty  chartered  iM    steamers  on  the   freight    market    for  the 

of  takii  I  from  Card  ill".  Barry,  L'enarth,  and  Newport  to 
during   the   maneuvers.      The   capacity    of    tl  teamers 
about  i.TiOn  tons  each,  and  thc>  were  chartered  at  the  rate  of 

I     linn:  l'he\     \N  cle   («.    In-    I  v;td\     I    I 

in  .lul\   17th  t«.  the  iy>d.      lit't\    thousand   ton>   of  coal 
;  b\   tin-  Admirall 

h  :  111  i  lilted   t(J   n:i\  :tl    :ill:e  le'-   to    w'll  I1C        I  llC    maaeii 

but  a  limited  number  of  m  pondei  Iom  •   I 

the    licet,  and    il  I    thai    \  alna 

•  II    would  btained    from    then  >ii    the 

lie   man.  ii  1    requil  uej   till    I 
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to  be  submitted,  and  the  censor's  pencil  struck  out  nearly  everything 
of  interest/' 

The  naval  maneuvers  of  1901  were  the  most  realistic  of  the  series  of 

some  13  or  11  that  have  been  held  since  their  first  inception  during 
the  eighties  of  the  last  century.  This  result  is  largely  due  to  the 
absence  of  artificial  rules.  To  get  rid  of  these  rules  has  been  one  of 

the  objects  of  naval  reformers  for  some  }Tears  past.  In  the  maneuvers 
of  1901  it  was  laid  down  for  the  first  time  that  the  umpires  were  to 

judge  each  case  on  its  merits  on  the  basis  of  what  would  be  probable 

in  war.  It  was  not  only  in  the  rules  which  apply  to  the  tactical  aspect 
of  maneuvers  that  the  framers  of  the  scheme  had  shown  a  wise  fore- 

sight. The  rules  which  were  discarded  applied  to  the  tactical  aspects 

of  war  or  to  the  shock  of  actual  battle,  while  the  object  of  the  maneu- 
vers is  strategical  and  applies  to  the  whole  theater  of  war.  If  the 

object  is  set  forth  without  strategical  insight  the  maneuvers  can  be 

ruined  as  certainly  as  by  defective  rules.  All  strategy  should  recog- 
nize that  the  objective  in  naval  war  is  the  mobile  force  of  the  enemy, 

and  that  the  way  to  defeat  the  enemy  is  to  concentrate  in  superior 
numbers  on  any  portion  of  his  force  so  as  to  defeat  him  in  detail. 

Hence  we  can  formulate  a  general  principle  of  concentration  which 

recognizes  that  an  attempt  to  attack  territory  and  trade  lessen  the 

effective  concentration  on  the  enemy's  mobile  force,  and  so  are  bad 
Strategy  unless  they  can  force  the  enemy  to  indulge  in  an  even  greater 

dispersion  of  his  own  war  ships. 

So  far  did  the  framers  of  the  maneuvers  go  in  the  recognition  of 

this  great  principle  that  they  laid  down  the  object  to  be  what  his- 

torically has  always  been  the  objective  of  naval  war.  viz,  the  attain- 
ment of  the  command  of  the  sea,  with  the  ultimate  object  of  destroying 

the  enemy's  trade.  Thus  stated  in  the  original  programme,  the  maneu- 
vers promised  to  afford  a  tactical  and  strategical  exercise  superior  to 

any  }Tet  had.     The  performance  bore  out  the  promise. 

Official  Programme. 

The  following  official  documents  were  issued,  from  the  Admiralty, 
with  reference  to  the  1901  maneuvers: 

GENERAL    IDEA. 

The  maneuver  area  lies  between  the  fifty-sixth  and  forty-seventh  parallels  Bee 
Chart  1) . 

Fleet  B  is  cruising  in  the  North  Sea,  and  can  coal  at  Plymouth,  Portland,  or  Ports- 
mouth. It  has  detachments  of  cruisers  and  torpedo  craft  at  Plymouth.  Portland, 

and  Portsmouth. 

"Since  the  preparation  of  this  account,  a  report  of  the  maneuvers  was  issued  by 
the  Admiralty  as  a  return  to  an  order  from  the  House  Of  Commons.  The  report, 

the  charts  excepted,  amounted  to  little  more  than  an  elaboration  of  the  "  narrative 
of  the  umpires"  as  published  soon  after  the  close  of  the  maneuvers.  The  charts 
have  been  inserted  and  portions  oi  the  last-named  narrative. 
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raising  off  the  north  coast  ol  Ireland,  and  can  only  coal  at  Qneenstown 
or  the  Bcilly  Islands.     It  has  detachments  of  cruisers  and  torpedo  craft  at  the  Scilly 

id  the  Channel  lalandfl  which  can  coal  at  those  pla 
The  wh<  -'rat  Britain  below  the  titty-sixth  parallel  belongs  to  B. 
The  whole  <•!  Ireland,  together  with  the  Scilly   Islands  and  Channel   Islands, 

-  to  X. 

-  from  the  Admiralty  to  commence  hostilities  do  not  necessarily  reach 
the  same  time. 

(lowing  forts  rtified  and  are  placed  in  a  state  of  defense:  In*. 
Britain,  Portsmouth,  Portland,  Plymouth;  in  Ireland,  Qneenstown. 

All  other  ports  are  unfortified,  except  theScillies,  Alderney,  and  Guernsey,  which, 

ther  with  the  vessels  in  those  ports,  an- to  be  considered  proof  against  attack  by 
vessel*  of  any  description. 

The  examination  service  i-  to  Ik-  brought  into  operation  at  Portsmouth,  Portland, 

Plymouth,  and  Qneenstown,  but  is  only  to  Ik-  made  applicable  to  ships  of  war:  mer- 

chant -\i'\\»  an-  not  to  he  interfered  with. 
try  to  obtain  the  command  of  the  English  Channel  and  of  the 

Ipproachet  both  to  it  and  to  the  St.  I  -  Channel,  X's  ultimate  aim  being  to 
the  trade  in  those  water-,  ami  B's  to  cover  it. 

Kl  i  m   TO    SB   OBSERVED    DURING    Tin:    L901     MANSDVBBS. 

rth   the  conditions  under  which  .-hips  will  Ik-  put  out  of  action 
will  |  Each  case  must  be  decided  by  tin-  umpires  on  its  merits  on  the  basis 

hat  would  1  ible  in  war. 

When  '  more  ships  come  into  action  the  commencement  of  the  engagement 
marked  by  the  firing  <>f  a  gun  by  one  of  the  ships  engaged.     During  the 

[engagement  single  guns  are  to  be  tired  at  about  one  minute  intervals  by  the  ships 

-  that  he  has  beaten  the  other,  he  should  signal  "Pro- 
■  .  iiinpin  If  the  other  agrees  to  the  reference  the  action  i-  n, 

cease.    If  the  other  doe-  not  agree  the  action  may  continue,  hut  not  {or  more  than  a 
lieesonahie  time,  which  is  to  be  determined  by  the  senior  officer  present     A  reason' 
ahle  time  under  ordi  editions  would  be  one  hour  in  the  case  of  battleships, 

torpedo  and  half  an  hour  in  that  of  destroyers  and  torpedo 

\V)  the  umpires  has  been  settled,  the  senior  officer  present  is  to 
de  are  to  j  rt  to  await  their  decision, 

'ijj--  detached  are  to  i  .  ered  out  of  action.     The  senior 
•  nt  mu-t  take  care  to  select  a-  far  a-  possible  equally  from  both  sid< 

If  a  tedly  torpedoed,  or  manifestly  overpowered  bj  a  much  sup 
-<-nt  ma\  take  the  responsibilit)  of  temporarily  putting 

un  and  ordering  her  into  ]  the  decision  of  the  umj 
•det  in-  —  1  * 1 1 .  from  the  opposite  side 
ther  part  in  the  maneuvers,  but  must  return 

PI)  mouth,  I'oit- 
lhe  fori 

far  U 
 

tl\  enjoined  nol   to 
m  to  tin  :.  the 

!    the  ||  in  hen  the 
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Torpedoes  fitted  with  collapsible  heads  may  be  fired  at  battleships  and  cruisers,  but 

not  at  torpedo  gunboats,  destroyers,  or  torpedo  boats. 
Torpedo  boats  are  not  to  paint  out  their  numbers. 

Care  should  be  taken  not  to  expose  vessels  needlessly  to  fire  from  forts. 

The  limits  of  those  ports  which  are  considered  proof  against  attack  are  as  follows: 

Alderney,  a  line  drawn  from  the  submerged  end  of  the  breakwater  to  the  northern 

extreme  of  Chateau  a  l'Etoc;  Scilly  Islands,  a  line  drawn  from  Menewetham  through 
Newfoundland  Rocks,  Horse  Point,  Annet  Head,  Castle  Bryer,  Crow  Point,  Guthers 
Island,  to  Menewetham ;  Guernsey,  a  line  drawn  from  Jerbourg  Point  to  the  southern 
extreme  of  Serk,  and  another  line  drawn  from  the  northern  extreme  of  Serk  to  the 

northern  point  of  Herm  and  thence  to  Doyle  Point. 

During  the  operations  ships  are  not  to  pass  the  limits  of  the  maneuver  area,  and 
are  not  to  enter  foreign  territorial  waters. 

In  general  terms,  the  subdivisions  of  the  two  fleets,  as  referred  to  in 
the  narrative  of  the  umpires,  were  as  follows: 

fX  Main  Battle  Fleet,  or  X  Battle  Fleet. 
[X  Main  Cruiser  Squadron. X  Fleet. 

X  Main  Fleet 

Y  Squadron. 

Z  Squadron. 

B  Fleet. 

B  Main  Fleet. [B  Main  Battle  Fleet,  or  B  Battle  Fleet. 
|B  Main  Cruiser  Squadron. 

G  Squadron. 
D  Squadron. 

The  elements  of  the  two  fleets  are  given  in  the  table  immediately 
following: 

List  of  vessels 

[See  end  of 
FLEFT  X. 

Main  Fleet. 

Majestic. 

Magnificent. 
Prince  George. 

Jnpiter. 
Hannibal. 

Mars. 

Resolution. 

Repulse. 
Diadem. 

Niobe. 

Hawke. 

Immortalite. 

Narcissus. 

Furious. 

Arrogant. 
Mersey. 
Rainbow. 

Retribution. 

Pelorus. 

Pactolus. 
Gleaner. 

taking  pari  in  the  maneuvers. 
chapter  for  details  of  ships.] 

FLEET  B. 

Main  Fleet. 
Revenge. 
Sans  Part  U. 

Hour. 
Nile. 

Trafalgar. 
Benbow. 
Anson. 

( umperdawn. 
CoUingwood. 
Colossus. 
Edinburgh. 

Dreadnought. 

Amphitrite. 
Ariadne. 

Edgar. 
Galatea. 

Imperieuse. Minerva. 

Hyacinth. Forth. 
Andromache. 

Apollo. 
J'andora. 

Fn.r. 

Latona. 
Onyx. 
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rls  taking  part  in  the  mam  Continued, 

FLEET!    Continued  FLEET  .#— Continued. 

Main  Fi.kkt — Continuedi  M.u\   Flkbt-— Continued. 

in  Devonport).  dhtboykbs  (from  Portsmouth 

Leven,  Locu6t,  Thorn,  Vigilant,  Leopard,  Peterel,     Kestrel,     Chamois,     A 

Gipsy.  Tiger.  Osprey.  ne,    Vulture,   Fawn,   Myrmidon. 

Y. 

Base,  Scilly  [aland 

Brilliant. 

iEolus. 

Sharpshooter. 
Jason. 
Hecla. 

i>l~  rom  Chatham). 

Lee.  Cynthia.  Sturgeon.  Cheerful.  Desper- 
ate. Angler.  Salmon.  Mallard. 

I'l.lM.     J',.. 

-    58,  66.  76.98. 

Bquadbok  '  . 
Base,  Plymouth. ) 

Spartan. 

Skipjack. 
Rt  nard. 

dbsi  ro>  BBS    Erom  I  *<-\  onpori  i . 

Bat,  Fairy,  Shark,  Opossum,  Wolf,  Pan- 
ther, Fervent,  Hasty,  Zephyr. 

DBON  Z. 

Dnel  [glands. ) 

Thames. 

Iris. 

Iphigenia. 
Intrepid. 

Seagull 
Sheldrake. 

......  ,  i ...  . .    t  i  ...  i ... 

Mermaid,   Zebra,  Avon,   Bittern,   Spitfire. 

Albatross,    Snapper,     Haughty.    Porcupine. 
Dasher 

55,  79,  81,  82,  85,  86. 

i    \i»i:<»\    /). 

Portland  and  Portsmouth 
Melamp 

M<  mi,  <y, 

Pronu  i' 
■  rit. 

Ha. 

S/„,  dwell. 

i'i  irw  from  Portsmouth 

llim/i. 
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List  of  vessels  taking  part  in  the  maneuvers — Continued. 

FLEET  X— Continued. 

Squadron  Z — Continued. 

UNDER   REAR-ADMIRAL,    QUEENSTOWN. 

Curlew. 

Seahorse. a 

Stormcock. « 

FLEET  B— Continued. 

Squadron  D — Continued. 

UNDER   COMMANDER    IN    CHIEF,    PLYMOUTH. 

(For  Plymouth.) 

Antelope. 

Traveller. « 

Tay.a TORPEDO  BOATS. 

Nos.  45,  52,  53,  54. 

UNDER  COMMANDER  IN  CHIEF,  PORTSMOUTH. 

(For  Portland.) 

Spanker. a 

Spey.  o TORPEDO BOATS. 

Nos.  26,  27. 

( For  Portsmouth. ) 

<  V/'O  . 

Magnet." 
Raven.** 
Landrail." 

Trent." 
TORPEDO    Bo  \Ts. 

Nos.  .;/.  4-\  49,  50. 

Admiralty  Instructions  Relative  to  Umpiring. 

The  umpires  will  meet  at  the  Admiralty,  Whitehall,  where  all  claims  and  state 

ments  for  their  consideration  should  be  sent,  addressed  to  the  "Secretary  of  the 

Umpires." 
In  all  cases  of  fire  being  opened,  whether  by  forts  or  ships,  on  hostile  or  friendly 

vessels,  telegraphic  reports  are  to  be  sent  by  both  sides  as  soon  as  possible  after  an 

engagement  has  taken  place,  and  should  give  the  following  particulars: 
1.  Name  of  ship  reporting. 
2.  Place. 

3.  Date  and  G.  M.  T. 

4.  Names  or  descriptions  of  vessels  engaged. 
5.  Range. 
6.  Time  under  fire. 

7.  State  of  sea  and  weather. 

8.  Formation  and  relative  position  of  the  opposing  forces  engaged. 

These  telegraphic  reports  are  to  be  followed  as  soon  as  possible  by  written  ones. 

These  should  be  accompanied   by  extracts  from  the  ship's  log  or  signal  log,  by  track 

"  For  examination  service. 
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chart-  r  by  other  documentary  evidence  likely  to  assist  the  umpires 
in  arriving  at  a  decision. 
Th<  i  the  umpires  are  final. 

e  will  be  made  by  them  t<»  the  Admiralty  before  arriving  at  a  decision. 

The  decisions  of  the  umpires  will  be  communicated  to  tin-  Admiralty  a-  -  ton  as  pos- 
sible after  they  have  been  arrived  at.  in  order  that,  if  desirable,  they  may  be  made 

.  n  to  the  senior  officer  « •  1 1  each  side. 

iM  the  Admiralty  desire  to  communicate  with  the  fleets  during  the  pi 
and  their  instructions  be  conveyed  by  a  ship  attached  to  either  of  the 

>r  by  any  other  ship,  such  a  ship  is  t « »  display  the  Bignal  "A  K  II.'* 
It  will  thus  be  known  thai  she  is  acting  under  Admiralty  orders,  or  is  about  to 

-    itches  or  telegrams,  or  to  Bignal  orders  received  from  the  Admiralty,  and 
-     ctive  admirals  and  senior  officers  are  to  take  the  necessary  steps  to  insure 

ommunicated  are  forwarded  and  acted  on  without  delay. 

If  the  commanding  officer  of  one  vessel  sights  another  flying  the  signal  "A  K  11  " 
lose  her.  so  as  to  place  himself  at  a  convenient  distance  for  comma- 

ating  by  signal,  should  it  be  necessary. 

MBRAL   ORDERS   AND    INSTRUCTIONS, 

Th-  -  specially  commissioned  for  the  maneuvers  will  be  attached  to  the 
t -Guard  and  Channel  squadrons.     They  will  assemble  as  soon  as  ready  at  Port- 
land and  Torbaj  lively,  and  will  be  formed  into  two  fleets,  to  be  known  as 

and  Fie     -\       spectively. 

.r  special  squadrons,  composed  of  cruisers,  torpedo  gunboats,  and  torpedo  craft. 
will  be  formed.  known  as  Squadrons  C  and  I>,  will  be  attached  to 

B,  ami  will  assemble  at  Portland.     The  other  two,  known  as  Squadrons  V  and 
/      ill  be  attached  to  Fleet  x.  and  will  assemble  at  Torbay. 

968  of  tin  ial  squadrons  during  hostilities  will  be: 

  Plymouth. 
madron  1>   Portland  and  Portsmouth. 

adron  V   Scilly  Islands. 
ladron  Z   ( Channel  Island-. 

At  the  time  appointed  the  main  fleets  will  proceed  to  sea  for  the  preliminary 
»e,  during  which  the  ships  of  each  fleet  will  !•«  -<  d  and  anchored  at  the 

n  of  the  admiral  in  command. 

lay  the  speriul  squadrons  will  proceed  to  gea  independently  for  a 
prelii                          uring  which  each  squadron  will  b.  sed  and  anchored  at 

ud  torpedo  lioats  are  to  coal  after  July  -l  until 
tilitiei  comment 

nt  and  terminatioi 

knoMii  !••  •  Jul)  28    "'      itu  i  that time.     Both  battle 

include  all   battle-hip 
•  the  tub  mmand  conaidi  with  the 

-a  at  that  bom  and  date  to  the  north  ward  "i  the  flft)  -i\th 
parol  -n  the  N  x  to  tin  md      Both  fleets 

e>  at  in  Jul)   2H  hub 
liave 

,d     Se.->.|-    \N  ill     : 
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allowed  for  the  careful  performance  of  the  practice;  in  the  case  of  other  ships,  sepa- 
rately or  in  company,  at  the  discretion  of  the  admiral  in  command. 

One-half  of  a  quarter's  allowance  of  ammunition  is  to  be  expended  from  the  heavy, 
light,  quick-firing,  and  machine  guns  of  the  mobilized  ships. 

A  full  quarter's  allowance  of  ammunition  may  be  fired  from  destroyers  and 
torpedo  boats  if  considered  desirable  by  the  senior  officer. 

Only  such  naval  stores  as  are  necessary  to  keep  destroyers  and  torpedo  boats  effi- 
cient during  the  maneuvers  are  to  be  embarked  in  the  depot  vessels  Hecla,  Merseyt 

and  Thames  during  the  mobilization.  Xo  ordnance  or  torpedo-depot  stores  will  be 
required. 

Greenwich  mean  time  is  to  be  kept  during  the  maneuvers  by  all  ships  taking  part. 

A  copy  of  the  ship's  and  signal  log  of  every  vessel  taking  part  in  the  maneuvers, 
commencing  on  the  earliest  permissible  date  for  commencing  hostilities,  is  to  be  sent 
to  the  Admiralty  with  the  report  of  the  admiral  in  chief  command  of  each  fleet. 

Before  the  commencement  of  the  maneuvers  each  battleship  and  cruiser  is  to 

make  a  tracing  of  the  maneuver  area  from  Admiralty  chart  Xo.  2,  British  islands. 

During  hostilities  the  track  of  the  ship  is  to  be  carefully  plotted  each  day.  The 

positions  at  noon  and  where  any  important  alteration  of  course  is  made  are  to  be 

shown.  This  tracing  is  to  be  forwarded  with  the  copy  of  the  ship's  log  above 
referred  to. 

The  signal  stations  marked  on  the  special  chart,  issued  with  the  instructions  fol 

the  distribution  of  intelligence,  will  alone  supply  information  during  the  maneuvers. 

When  the  target  practice  has  been  completed  the  fleets  will  return  to  their  ports 

of  assembly — Portland  and  Torbay — where  the  ships  specially  commissioned  will  be 
inspected,  and  thence  proceed  to  their  ports  for  paying  off. 

Outline  of  the  Operations. 

The  B  Fleet  consisted  of  12  battleships,  and  the  X  Fleet  of  8,  hut 

the  8  battleships  of  X  were  far  superior  in  modern  equipment,  speed. 

and  long-range  guns  to  those  composing  the  B  Fleet. 
The  B  Fleet  prior  to  the  maneuvers  proceeded  up  the  east  coast  of 

England,  and  the  X  Fleet  up  the  west  coast,  and  neither  were  allowed 
to  coal. 

Both  fleets  of  battleships  were  ordered  to  he  north  of  the  parallel  of 

5<>  north  by  midnight  on  Sunday,  July  28,  after  which  they  were  to 

proceed  to  the  scene  of  conflict,  though  neither  admiral  was  to  be 
informed  if  war  had  broken  out.  For  this  they  had  to  make  their 

own  arrangements,  so  that  if  war  did  break  out  they  should  he  at  once 
informed. 

In  the  result  the  X  Fleet  first  gained  information  as  to  the  outbreak 

of  hostilities,  and  the  eruisersof  X  Fleet  fell  upon  smaller  forces  of 

the  B  Fleet  oil'  the  Scilly  Islands  before  the  latter  knew  that  war  had broken  out. 

Admiral  Wilson's  fleet  made  straight  for  the  Scilly  Islands,  and  from 
there  sailed  to  overwhelm  the  Aldernev  blockaders,  <^(  whose  move- 

ments he  was  fully  informed  by  telegraph,  as  they  showed  themselves 

in  full  view  of  his  signal  stations  in  the  Channel  Islands. 

Admiral  Noel  had  posted  these  blockaders  with  the  view  of  protect- 
ing his  fleet  from  the  assaults  of  the  torpedo  craft  belonging  to  X 
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1  t.  which  were  assembled  there.  He  himself  proceeded  at  speed 

'ortland,  where  he  had  to  eoal,  owing  t<>  the  defective  coal  endur- 
ance of  his  old  ships.  He  then  proceeded  to  cruise  in  the  channel  in 

.  1 1  of  X  Fleet,  but  received  no  information  of  their  departure  from 

tin-  Scilly  Islands  until  after  the  total  defeat  of  his  blockading  force  at 
Alderney,  when  Admiral  Wilson  had  returned  to  the  Scilly  Islands. 

Admiral  Noel  divined  Admiral  Wilson's  object  too  late,  but  not 
knowing  this,  proceeded  to  Alderney  in  search  of  the  enemv.  Later, 

with  authentic  news,  heagain  proceeded  eastward,  and  Admiral  Wilson 
:eeded  to  sea  to  meet  him.  The  latter  admiral  passed  not  far  from 

Admiral  Noel  during  the  night,  but  neither  admiral  was  willing  to 
bring  on  a  night  action,  though  Admiral  NOcl  had  everything  to  gain 

from  one,  owing  to  a  bad  light  neutralizing  the  in  X  Fleet's  superiorit}' 
g- range  fire. 
The  next  dav  the  steering  gear  of  one  of  Admiral  Wilson's  battle- 

ihips  broke  down.  Unwilling  to  meet  his  enemv  under  these  condi- 
tions. Admiral  Wilson  proceeded  to  Guernsey,  repaired  the  damage  to 

the  Mars,  and  then  proceeded  eastward,  again  meeting  Admiral  Noel 
uhout  15  miles  south -southwest  of  the  Lizard. 

Battle  was  joined,  and  the  umpires  decided  the  result  in  favor  of 
X  Fleet. 

\  \KK.\  riVE   "l     THE    I  MPIRES 

In  order  that  the  dispositions  of  the  admirals  may  be  fully  understood,  the  narra- 
4  the  movements  of  the  vessels  involved  commences  from  midnight  of  the 

I.  Both  admirals  at  that  time  detached  the  greater  proportion  of  their  main-fleet 
Bruisers  to  the  south,  X  retaining  only  the  third-class  cruiser  Pelorus,  and  B  the  two 

and  <;<ilnt,  i  and  the  second-class  cruiser  Forth. 

-.   l'»  Main  (  Squadron  proceeded  to  a  rendezvous  10  miles      '  '"'' 
south  of  w  "I i  Hock,  where  tl  red  on  the  evening  of  the  28th. 

X  Mai.'.  Iron  proceeded  to  a   rend<  Hawke, ...  Imiiioi  t.ilitr.       Nar- 
NOUtl,  Arru. 

n.b>  1 1n- Intrepid  and  Iphigenia,  of  ZStjuad-  g^' 
'  midnight  of  the  21  p*o  i»- 

.11  y 

ii  tin-  ii 

I  t..  the  irii.li/ 

unli  ||(|  i|1(.  Pactolub 
I 

I 
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,  The  destroyers  then  proceeded  to  Newlyn,  except  the  Fairy, 
which  had  been  detached  to  Sennens  Cove. 

-Eoius,   Brilliant,       y  Squadron,  with  Gleaner,  were  in  Crow  Sound  readv  to  coal. Jason,  Sharpshooter, 
Gleaner. 

Mdampus,  Her-  4.  D  Squadron,  with  its  destroyers,  left  Portland  for  Alderney 

ProfeJ/K?'  SLeda,  at  midnight  of  the  28th  and  took  up  their  day  positions,  but  shortly 
Speedwell.  after  moved  into  the  night  positions,  owing  to  the  thickness  of  the 

weather. 

_  „       .  5.  Iris  staved  at  Guernsev,  and  the  remainder  of  Z  Squadron, 
Z  Squadron.  "  -  ^  ' 

except  Ipnigenia  and  Intrepid,  already  detached,  were  at  Alderney. 
Furious  left  the  Scilly  Islands  at  7  p.  m.  on  the  28th,  and  at  8  a.  m. 

Furious.  on  the  29th  was  in  latitude  49.12  X.,  longitude  3.16  W.,  where  she 

remained  till  8  p.  m.,  when  she  moved  to  mid-channel  position,  St. 
Catherines  bearing  N.  24  W.  40  (true),  arriving  there  at  3.40  a.  m.  on  the  30th,  and 
at  8  p.  m.  she  left  for  the  Scilly  Islands,  at  which  place  she  anchored  at  11  a.  m.  on 

the  31st.     In  the  mid-channel  position  she  intercepted  the  wireless  messages  to  B 
Fleet,  which  she  transmitted  to  Scilly  Islands,  and  by  taking  in  the  messages  from 
Culver  she  was  able  to  decipher  the  code  used  by  B. 

6.  The  X  Battle  Fleet  obtained  news  of  the  opening  of  hostilities  at  1.40  p.  m.  on 
the  29th  by  the  Leven,  when  in  latitude  53.27  and  longitude  N.  5.30  W. ;  similar  newa 
was  conveyed  to  the  B  Battle  Fleet  at  5.5  p.  m.  on  the  29th  by  the  Onyx  when  off 
Smith  Knoll  light. 

Latona. — 7.  The  commencement  of  hostilities  was  communicated  to 

Latona.  Latona  by  the  C.  G.  Station  at  Sennen's  Cove  at  9.20  a.  m.,  and  at 

9.50  she  proceeded  to  the  rendezvous  10  miles  south  of  "Wolf  Rock, where  she  arrived  at  11  a.  m. 

The  Arrogant  was  informed  by  semaphore  from  St.  Mary's  C.  G. 
Arrogant.  Station  at  9.25  a.  m.,  the  wireless  telegraph  being  inefficient;  she 

immediately  proceeded  full  speed  toward  her  rendezvous,  and  at  10.10 
communicated  the  intelligence  to  Diadem,  which  informed  Arrogant  of  X  Main  Cruiser 

Squadron's  position  and  how  they  were  standing. 
8.  At  9.35  a.  m.  B  Main  Cruiser  Squadron  spread  for  lookout  duties 

ItlsS&iUlSZ*'  3  miles  N-  E-  and  S-  W«  from  Ed9ar  3  mile*  al)art-      (See  Plate  L) 

X  Main  Cruiser  Squadron  had  been  advancing  toward  B  since  7.30  a.  m.,  and  at 

11  a.  m.  was  close  to  the  latter' s  rendezvous,  at  which  Apollo  and  Latona  were  wait- 
ing for  their  senior  officer,  of  whom  they  could  get  no  tidings,  though  Apollo  had 

been  there  for  an  hour. 

Shortly  after  some  cruisers  were  seen  by  the  two  B  cruisers,  which  steamed  toward 
them  and  did  not  discover  they  were  enemies  for  a  few  minutes,  when  they  both 
immediately  headed  for  Plymouth  at  full  speed.  Fire  was  opened  by  X  cruisers  at 
11.15,  and  these  two  B  cruisers  had  11  vessels  of  XMain  Cruiser  Squadron  to  contend 
against;  they  were  in  consequence  captured  before  any  force  could  come  to  their 

assistance.  The  X  cruisers  then  turned  to  the  westward  and  about  noon  met  B's 
Main  Cruiser  Squadron  of  eight  vessels,  and  an  action  ensued  in  which  X  SquadroJ 
were  again  in  greater  strength,  for  the  Arrogant  joined  before  the  end  of  the  action, 
bringing  the  proportion  up  to  12  of  X  to  8  of  B. 

Armored  cruisers 
First  class   
Second  class   
Third  class   
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The  ultimate  result  \\a>  that  \bb  and  2 

•lit  of  action,  ami  in  addition  1  third-i-latis  cruiser  ot  B. 

T)i«-  immediate  of  these  action.**  was  that  the  whole  of  B'a  Main  i 
x        ere  placed  out  of  action  pending  the  decision  of  the  umj 

jiiadron  only  was  It-ft  off  the  Scillies  to  contend  against  Y.  and  the 
:■:         11  Cruiser  Squadron. 

According  to  the  operations  of  the  X  Fleet,  tin-  maneuvers  may  be 
divided  into  three  periods: 

1.  The  cruiser  engagements  at  Wolfs  Rock  and  Lizard  Head,  on 

The  raising  of  the   blockade  of  AJderney   by  the  X  Fleet,   on 
. u-t  1. 

3.  The  decisive  battle  between  the  two  main  fleets  at  Lizard  Head. 

on  August  5. 
aultaneously  with  these,  the  attack  and  defense  of  commerce  in 

Channel  were  carried  on. 

1  Hi:    CRUISEB    ENGAGEMENT   AT    WOLP'S    ROCK    AND    LIZARD    HEAD. 

As  -""ii  as  B  discovered  that  the  X  cruisers  were  in  force,  he  turned 

away  in  order  to  give  the  other  ships  time  to  form  on  him. 

The  1»  <  r      •  :   Squadron  had  not   been  fully  concentrated,  but  was 
eeding  in  three  01014)-:  The  Edgarsus  leader  with  the  AmphitriU  ; 

he   Andromache,   Hyacinth,  and   Pandora;  the  Ariadne,    Vox,    and 
ittempting  to  form  in  column,  in  order  to  overtake  the 

aucleus  of   the  hostile  cruiser  squadron  advancing  in    line  abreast. 
1  ii    was    frustrated   U\    the  X  cruisers,   led    bj    the  Diadem. 

through  the  hostile  column. 

The  ch  oramenced  from  the  moment  of  sighting  three  of  the 

enemy'*  cruisers  at  L2.10  p.  m.  bearing  W.  S.  \\..  the  weather  being 
•  •  •  chart   2.)     Within  five  minutes  it  was  evident  that   the 

X  had    gained    so   considerablj    that    fire    was  opened,  the 
returning  the  fire  after  three  minutes.     Prom    line  abr< 

jhe  ]  n  of  the  X  cruisers  had  now  become  verj  scattered,  and  as 

that   tin-  th  were  joining  up  \n  ith  an 
in  number  of  friends,  the  signal  was  made  to  form  single  line 

■  have  the  squadron  in  hand.     I  me  reason  or  other  this 
not   |Ki»*ed  cond  di\  ision  of  crui 

w hicb,  it  in  understood,  rej  ith." 
;  it  do<  1    that  an\  1  eduction  of  S] 

made  then  or  pr<  rbe  result  was  q  quar 
in  which  tin  I  deal  ndenl  approai  h 

1  in-  !•'•       I  1  hat   w  hen  in  the 
in  the  j  how  n  in  iliugi  urn 

Hawke,  which,  m  irill  be  wm  h 
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station,  was  directed  to  puss  through  the  gap  in  the  enemy's  line,  but 
unfortunately  passed  through  the  first  gap  between  the  Arrqdutritt 
and  the  Pandora.  The  Hawke  thus  became  isolated  from  her  consorts. 

While  the  Hawke  passed  through  the  first  gap  in  the  enemy's  line,  the 
Diadem,  Retribution,  and  Mersey  passed  ahead  of  the  Ariadne  through 
the  second  gap,  causing  the  Ariadne  to  fear  a  collision  and  turn  to 
port  in  the  opposite  direction  to  her  leader,  and  followed  by  the 
Minerva  and  Fox.  The  Niobe,  also  fearing  collision,  refused  to  pass 
through  the  gap  and  turned  to  port,  and  she  was  followed  by  three  of 
the  X  cruisers.  The  action  thus  became  one  of  groups,  in  which  the 

Ariadne's  group  must  have  been  severely  handled,  as  the  Arrogant 
and  Pactolus  also  came  up  for  this  latter  part  of  the  action,  and  this 
group  thus  received  the  fire  of  nine  ships  at  close  range. 

After  an  hours  battle  the  fighting  was  stopped  by  signal  from  the 
senior  officer  in  command  of  the  Edgar.  On  each  side  8  cruisers  were 
declared  out  of  action,  subject  to  the  decision  of  the  umpires. 

[Narrative  of  umpires  continued.] 

9.  During  this  time  C  had  been  watching  the  Scillies,  and  at  11.25  Sirius  rejoined 

Spartan  and  informed  her  that  Y  Squadron  was  coaling,  which  was  the  first  intim% 
tion  he  received  that  hostilities  had  commenced.  C  Squadron  immediately  proceedM 

off  Crow  Sound.  At  12.45,  hearing  firing  to  the  south,  C  steamed  off  in  that  direc- 

tion for  an  hour,  but,  seeing  nothing,  returned  to  watch  Y,  who  in  the  meantime 

had  put  to  sea;  an  action  was  fought  between  the  two  squadrons  at  about  2.50  p.  ma 

which  resulted  in  the  Brilliant  being  put  out  of  action  for  forty-eight  hours.  The 

Fair;/,  torpedo-boat  destroyer,  coming  from  Newlyn,  joined  shortly  after  the  action 
commenced,  but,  approaching  too  close  to  Y  Squadron,  was  placed  out  of  action.  The 

(Spartan  then  left  for  Penzance.  At  5.45  the  Sirius,  with  Renardand  SldjtjacJ:,  were 
sighted  and  engaged  the  four  remaining  vessels  of  X  Main  Cruiser  Squadron,  with  the 

result  that  the  Renard  was  captured.  Spartan  left  Penzance  at  11  p.  m.  for  rendez- 

vous, where  she  was  joined  by  Si, -in*,  and  they  proceeded  in  company  to  watch  Crow 
Sound.  At  8  a.  m.,  30th,  the  Pelorus,  whilst  proceeding  from  St.  Mary  to  CreM 

Sound,  was  seen  and  engaged  by  the  cruisers  Spartan  and  sirius  at  a  range  of  ̂ B 
yards  until  the  former  was  within  the  protected  area,  she  being  placed  out  of  action 

for  twenty-four  hours.  The  two  B  cruisers  were  then  engaged  by  the  four  X  cruis- 
ers, the  action  commencing  at  a  range  of  800  and  1,200  yards  respectively,  with  the 

result  that  the  two  B  cruisers  were  placed  permanently  out  of  action  and  the  Retri- 

bution, of  X,  for  forty-eight  hours. 
10.  Thus  the  cruisers  of  B  and  C  had  been  practically  annihilated  in  the  first 

twenty-four  hours  from  the  outbreak  of  hostilities. 

11.  After  the  first  twenty-four  hours  there  was  a  lull.     Both   main   battle  flefl 
arrived  at  their  respective  bases  of  Scilly  and  Portland  and  B  immediately  coaled^ 

Round  Alderney  there  was  some  fighting  between  the  opposing  destroyers,  supported 
by  cruisers,  but  beyond  that  nothing  of  importance  occurred  until  the  raising  of  the 

blockade  of  Alderney  by  X  main  fleet.      (See  chart  2.) 

RAISING    THE    BLOCKADE   OV   ALDERNEY, 

(See  chart  3  and  plates  2  and  3.) 

On  the  31st  of  July,  at  ('»  a.  m..  B  Main  Fleet  left  Portland,  proceed- 
ing to  the  west  in  search  of  X.     At  5.80 p.  m.  intelligence  was  received 
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X.  Fleet  raising  Blockade  of  Alderney  on  ls.T  August. 

io  is  Sea  Mr l«s 5*32        l       O '■'■'■ 
Scale 

6 

A-9*-
* 

^Schvle/B*- 

XesJfanms ,.   * 

ERM 
NOON 

(  JSERK 



-1 

/  that  the  X  Main  Flee!  was  at  Sciilv  at  I  p.  in. :  the  / 

\  had  been  dispatched  at  tha!  time  by  M  .  who  with  Skig 

wriv  watching1  that  bas- 
dmiral  of  the  X  Fleet  decided  to  make  an  attempt  to  capture 

1-  off  Alderney,  and  intended  leaving  about  _  p.  in.. 

but  was  prevented  by  a  thick  fog  from  leaving  until  6  p,  in. 

The  X  Fleet  and  the  V  Squadron  were  complete,  with  the  exception 
of  the  Furious,  which  was  stationed  between  the  [ale  of  Wight  and  the 

unci  Islands.     This  cruiser  succeeded  in  intercepting  and  decipher- 
the  dispatches  which  Admiral   Nod.  on  his  way  to  Portland,  was 

ling  to  different  stations  by  wireless  telegraphy.      Admiral  Noel's 
as  with  ease  deciphered  by  the  Furious. 

or  to  the  departure  of  the  X  Fleet  from  the  Seilly  [sles,  Admiral 
Wilson  had  discussed  at  length  with  the  commanding  officers  <>(  his 

ship-  his  plan  for  raising  the  blockade  for  Alderney. 

N-a\  ing  Seilly  at  0  p.  in.  (see  chart  3)  the  X  Fleet  proceeded  to 

southward  until  :♦.•':<»  p.  m..  when  course  was  altered  to  the  east- 
ed  being  [3  knot-. 

It  ma\  here  be  noted  that  had  the  X  Fleet  left  the  Scillies  at  '1  p,  in.. 
i.  and  followed  the  same  course  and  -peed,  it  would  almost 

taintv  have  been  met  by  the  B  fleet  between  8  and  9  p.  m.  that 

leared  soon  after  midnight,  and  the  fleet  (X)  continued  its 
up  the  channel   until  9.16a.  m..  August    1.  when  course  was 

\\\.  the  fleet  being  then  20  miles  north  from  Aidernej  .     The 

•  lined  in  two  divisions  in  line  ahead,  '.'>  miles  apart,  w  ith  the 
r  divisions  also  in  line  ahead.  :;  miles  on  the  outer  bow  of  it> 

ing  batth-hip  division.     (See  plate  2.) 
In  this  formation  the  fleet  proceeded  toward  Alderney,  and  at  L0.20 

cruisers,  two  gunboats,  and  some  destroyers  weir  sighted 
I  to  the  I)  Squadron,  and  and  at   L0.26  th         I 

nd-.  and  shortly  after  in.  -  1  1 
Iher  was  verj  hazj  at  the  time,  which  enabled  the  X 

1  !  the  blockading  ships  without  being  discovered  until 
itbin  j 

an  in  different  directions,  but  find- 

inme.i  :tll  sides,  the\    tinned   an<l    ran    tin. 

.  led  bj  ih-    I)  wanted  to  follow 
•1  tht*  i 

1  and  <   ■  j  .    I  
uiser  d 

the   Niobe,  Furious  |       issut,  -i 

ip  dh  i 
U|J     |  ! 
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on  all  sides  by  effective  gun  fire  at  ranges  varying  between  3,000  and 

5, 000  yards,  the  blockading  squadron,  composed  of  two  cruisers,  two 

gunboats,  and  three  destroyers,  had  to  surrender.  The  decision  of 

the  umpires  was  to  the  effect  that  the  B  fleet  had  lost  cruisers  Mercury 

and  Severn,  gunboat  Leda,  and  5  destroyers,  while  the  X  fleet  had  lost 

only  2  destroyers  and  1  torpedo  boat. 

Vice-Admiral  Wilson  remained  off  Alderney  until  5  o'clock  p.  m.. 
August  1,  when  he  returned  directly  to  the  Scilly  Islands,  where  he 
arrived  the  next  morning  without  having  met  with  any  hostile  forces. 
Here  he  found  the  cruiser  Intrepid.  He  had  the  battleships  coal  from 

colliers  in  the  roadstead  of  St.  Mary's  and  the  cruisers  in  Crow  Sound. 

MOVEMENTS   OF   THE   B    FLEET    DURING    THE    KAISING   OF  THE  BLOCKADE 

OF    ALDERNEY. 

At  the  beginning  of  this  phase  of  the  maneuvers  B  Main  Fleet  was 
at  Portland. 

The  fleet  coaled  during  the  night,  and  at  5.30  a.  m.,  Jury  31,  the 

Edgar  and  Amphitrite  went  out  to  scout  ahead  of  the  fleet  in  the 

direction  of  rendezvous  E  (chart  3).  The  rest  of  the  fleet,  accompa- 
nied by  7  B  destroyers  {Kestrel  under  repair),  left  an  hour  later,  and 

proceeded  at  10  knots  speed  in  the  same  direction.  The  two  above- 
mentioned  cruisers  rejoined  the  fleet  about  11  a.  m.,  and  the  course 

was  shaped  to  tin4  westward,  the  cruisers  being  spread  to  look  out. 

A  telegram  had  been  sent  ordering  Minerva  and  Hyacinth  (atPrym- 
outh)  to  meet  the  fleet  at  rendezvous  E  on  Wednesday  morning,  but 

owing  to  a  mistake  in  the  message,  these  two  ships  with  Skipjack  and 

Opossum,  left  Plymouth  at  5  a.  m.  and  proceeded  to  scout  toward 
the  Scillies.  At  1  p.  m.  the  squadron  sighted  the  Sharpshooter  off  the 

Scillies  and  chased  her  into  harbor;  she  was  put  out  of  action  by 

the  umpires  for  twenty  four  hours.  The  weather  was  very  misty  at  the 

time,  but  in  following  the  gunboat  the  Minerva  was  able  to  see  and 

count  the  X  ships  at  St.  Mary's,  and  at  2.15  p.  m..  the  Hyacinth  was 
sent  to  inform  the  admiral,  which  she  did  at  5  p.  m.  that  afternoon, 

and  remained  with  the  fleet  until  10  p.  m.,  when  she  was  sent  to  ren- 
dezvous H  with  orders  to  wait  there  till  Minerva  joined,  and  to  rejoin 

the  fleet  at  10  a.  m.  the  next  day  off  the  Eddystone,  M<n>rr<t  to  join 

as  well  if  she  expected  to  pick  up  no  further  information.  The  Skip- 
jackwas  sent  to  communicate  the  information  to  the  signal  station  at 

the  Lizard,  the  Minerva  and  Opossum  remaining  off  the  Scillies.  At 

7.23  p.  m.  the  Minerva  caught  sight  of  X  Fleet  outside  Scilly.  stand- 
ing to  the  southward,  and  endeavoured  to  keep  in  touch  with  them, 

but  lost  sight  of  them  in  a  fog  and  failed  to  pick  them  up  again.  The 

Opossum  was  sent  to  rendezvous  11  on  the  chance  of  being  able  to 

communicate  with  the  admiral,  and  shortly  after   Min  proceeded 

there  herself,  but,  meeting  no  ship,  she  proceeded  in  the  direction  of ■ 
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rendezvous  E,  and  at  12.45  a.  m.  (August  1)  met  the  Hyacinth  and 

they  went  in  company  to  await  the  fleet  off  the  Eddystone. 
The  main  fleet  continued  its  course  and  speed  to  the  westward  until 

6.12  p.  m.,  when  course  was  altered  to  the  southwest  and  speed  reduced 
to  8  knots;  the  Hyacinth  joined  at  5  p.  m.  At  10  p.  m.  the  Hyacinth 

parted  company,  and  at  midnight  the  course  of  the  fleet  was  reversed. 
The  fleet  continued  its  course  to  the  northeast  until  8  a.  m.  when  it 

was  reversed,  and  the  fleet  exercised  at  tactics. 

During  his  cruise  in  the  entrance  to  the  channel,  Admiral  Noel 

received  the  most  contradictory-  reports  as  to  the  whereabouts  of  the 
X  Fleet  from  the  signal  stations  and  the  cruiser  Minerva.  It  was  not 

until  3  p.  m.  that  positive  information  reached  him  from  the  Minerva, 

which,  together  with  the  Hyacinth,  had  been  waiting  since  8  a.  m. 
at  the  rendezvous  near  Eddystone,  to  the  effect  that  the  enenry  had 

left  the  Scilly  Isles  about  twenty-four  hours  previously. 
The  Admiral  concluded  from  this  that  the  X  Fleet  had  gone  to  the 

Channel  Islands,  and  directed  the  Melamjms,  Minerva,  and  Hyacinth 

to  go  there,  and  decided  to  be  there  with  the  fleet  early  the  following 

morning.  The  Main  Fleet  destroyers  were  sent  to  Plymouth  to  coal, 

with  orders  to  rejoin  the  fleet  at  rendezvous  E. 

At  7.30  p.  m.  the  fleet,  being  then  off  the  start,  the  Scylla  and  five 
(J  destroyers  joined.  The  Scylla  had  been  transferred  from  D  to  take 

charge  of  C  Squadron,  and  had  arrived  at  Plymouth  at  11.30  p.  m.  on 

the  31st,  and  had  coaled.  The  destroyers  were  ordered  to  watch  off 

perry  Head,  and  to  return  to  Plymouth  at  dajdight  the  next  morn- 
ing. The  Scylla  was  attached  to  the  fleet  which  cruised  in  Lyme  Bay 

during  the  night. 

At  da}Tlight  Friday,  August  2,  the  B  destroyers  (8)  rejoined  from 
Plymouth,  and  also  the  Edgar  and  Amphitrite.  These  two  cruisers, 

after  parting  from  the  fleet  at  noon  the  previous  day,  went  to  Scilly 
and  reconnoitered,  going  close  to  St.  Marys  Sound,  where  they  could 
we  what  ships  were  in  the  roads,  and  then  went  to  communicate  with 

the  signal  stations  on  Lands  End  and  the  Lizard,  proceeding  thence  up 

channel  to  rejoin  the  fleet.  At  9.40  p.  m.  the  Amhpitrite  was  attacked 
by  No.  98  torpedo  boat,  which  had  been  shadowing  the  two  cruisers 

pince  they  left  the  Se'illies  at  1  p.  m.  The  night  was  clear,  with  a 
bright  moon,  and  the  torpedo  boat  was  tired  on  by  the  Edgar  for  some 
minutes  before  she  got  within  torpedo  range.  The  attack  was  adjudged 

to  have  failed,  and  No.  98  placed  permanently  OUl  Of  action. 

At  4.30  a.  m.  the  Admiral   heard  of  the  capture  of    I)  squadron   oil' 
Alderney  by  X  Fleet. 

illy  in    the   morning   the    Galatea   developed   defects    mikI    went  to 
Portland,  where  she  arrived  at  :>  p.  m. 

The  fleet  then  >t<-cre<i  for  the  Channel  [slands.  At  7  a.  m.  the 

Mmerva  and  Hyacinth  joined,  and  shortly  after  these  two  cruisers 
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were  scut  to  make  sure  that  X  Fleet  was  not  in  the  vicinity  of  Guern- 

sey. Whilst  carrying  out  this  duty  the  Hyacinth,  at  10  a.  m..  passed 

through  prohibited  water  near  Guernsey  (see  plate  3),  for  which  she 

was  subsequently  placed  oat  of  action.  About  the  same  time  four 
of  the  destroyers  were  sent  to  reconnoiter  to  the  eastward  of  the 
Channel  Islands. 

Having  made  sure  that  the  X  Fleet  was  not  in  the  neighborhood  of 

the  Channel  Islands,  the  fleet  proceeded  toward  Portland,  and  about 

noon  the  cruisers  and  the  four  remaining  B  destroyers  were  sent  on 

ahead  to  Portland.  The  Melampus  joined  the  fleet  shortly  after,  and 
she  was  also  sent  on  to  Portland. 

The  fleet  arrived  and  anchored  at  Portland  at  4  p.  m.  and  coaled. 

The  admiral  was  informed  that  X  Fleet  was  back  at  Scilly. 

MOVEMENTS  LEADING  TO  THE  FINAL  BATTLE  BETWEEN  THE  MAIN  ELEETS, 

ON   AUGUST   5.       (SEE    CHART   -I.) 

Midnight,  August  2-3. — X  Main  Fleet  at  Scilly.  B  Main  Fleet  at 
Portland. 

At  4.30  a.  m.  August  3  five  B  Main  Fleet  destroyers  and  four  D 

Squadron  destroyers  left  Portland,  with  orders  to  proceed  60  miles 
southwest  of  Portland  and  then  to  scout  in  pairs  toward  the  entrance 

to  the  channel,  and  on  arrival  there  to  scout  between  the  Scillies  and 
B  Fleet. 

Orders  were  sent  to  the  Prometheus  at  Plymouth  and  to  the  0 

Squadron  to  join  the  admiral  the  next  morning  at  rendezvous  H. 
The  B  Main  Fleet  left  Portland  at  5.30  a.  m.  and  proceeded  at  10 

knots  down  channel. 

At  <').-t5  p.  m.  information  was  received  that  Minerva  had  been 
ordered  out  of  action  on  claim  from  torpedo  boats  of  Z  Squadron. 
She  was  therefore  sent  to  Portland. 

At  7.10  p.  m.  a  strange  ship  was  seen,  and  the  Melampus,  Edgar, 

and  Amphitrite  chased  and  engaged  her.  This  ship  was  the  Prome- 
theus, which  was  on  her  way  to  join  B  Fleet.  Whilst  chasing,  X  Fleet 

was  sighted. 

At  8.20  p.  m.  B  Fleet  altered  course  to  S.  S.  AY.  and  reduced  sp 
to  S  knots. 

Three  destroyers  (Mallard,  Cynthia,  and  Cheerful)  of  Y  Squadron 

were  sent  out  from  Scilly  at  3  p.  m.  to  tind  B  Fleet. 

At  5.30  p.  m.  X  Fleet  left  St.  Marys  Road  and  proceeded  to  the 
southward  at  about  6  knots  speed.  Shortly  after  Leaving,  a  gunboat 

and  some  destroyers  ( C  Squadron)  were  seen  to  be  watching  the  fleet. 
The  first  division  of  cruisers  was  sent  to  chase  them  off.  Whilst  chasing 

these  vessels,  the  Arrogant  came  across  the  Mallard,  who  reported  hav- 
ing1 seen  B  Fleet.  This  information  was  given  to  the  admiral  of  X  by 

wireless  telegraphy  at  8  p.  m..  ami  at  8.30  the  Mallard  joined  the  tleet. 
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The  admiral,  not  wishing  to  bring  on  a  night  engagement,  about  9 

p.  in.  stood  to  the  southward. 
Several  of  the  B  cruisers  were  seen  after  dark,  and  about  11  p.  m. 

the  Amphitrite  passed  down  the  line  of  X  Fleet  at  a  distance  of  about 

2.( mm)  yards,  for  which  she  was  subsequently  put  out  of  action. 
The  Niobe  and  Intrepid,  two  of  the  cruisers  detached  from  X  Fleet  to 

drive  off  the  hostile  vessels  which  were  watching  the  fleet  when  it  left 

Scilly,  lost  touch  of  the  fleet  after  the  chase  and  proceeded  to  a  rendez- 
vous off  the  Start,  and  on  the  way,  soon  after  midnight,  they  were 

attacked  by  some  destiwers,  one  of  which  (the  Wolfe)  succeeded  in 

getting  close  to  the  Intrepid  and  claimed  to  have  torpedoed  her.  This 
claim  was  allowed,  the  Wolfe  and  Hasty  being  also  put  out  of  action. 

At  midnight  B  Fleet  turned  to  the  northward  and  stood  toward  H 
rendezvous. 

Both  of  the  admirals  were  aware  that  the  main  fleets  were  close 

ther,  but  neither  wished  to  engage  during  dark.  From  the  chart  it 

would  appear  that  about  1.30  a.  m.  on  the  %,th  they  mere  a  little  over  5 

miles  apart,  X  Fleet  standing  to  the  south,  and  B  to  the  northward. 
X  Fleet  steered  to  the  southward  until  2  a.  m.,  when  course  was 

altered  to  the  eastward  and  a  destroyer  sent  to  pick  up  the  Niobe  and 
Intrepid  and  tell  them  to  join  the  fleet  at  a  rendezvous  10  miles  south 

of  the  Eddystone,  and  at  4.10  a.  m.  the  fleet  altered  course  to  meet 

them  there.  The  destroyer  delivered  the  admiral's  orders  to  these 
ships,  and  at  10  a.  m.  they  rejoined  the  fleet. 

X  Fleet  being  now  complete,  was  turned  to  the  westward  with  the 

intention  of  finding  B  Fleet,  but  shortly  after  the  Mars's  steering  gear 
broke  down,  arid,  finding  that  it  could  not  be  satisfactorily  repaired  for 

some  time,  the  admiral  decided  to  go  toGuernsey,  where  the  fleet 

(except  the  Mars)  arrived  at  5.30  p.  m.     The  Mars  arrived  at  8.30  p.  m. 
B  Fleet  arrived  at  rendezvous  II  at  4.30  a.  m.,  the  scouts  of  B 

having  lost  touch  of  X  Fleet.  The  scouting  cruisers,  except  the 

Melampus,  joined  the  fleet,  and  also  Prometheus,  Skipjack,  Aht<l<>j>< , 

and  1:;  destroyers,  namely,  7  B,  1  C,  and  'I  I).  From  the  reports 
made  by  these  vessels  it  was  thought  possible  that  X  Fleet  might  be 

to  the  southward  or  south  westward  of  B;  some  destroyers  were 
therefore  sent  to  scout  in  that  direction  and  the  fleet  stood  to  the 

south  wot  until  8.30  a.  in.,  when  course  was  altered  to  the  north- 

ward, and  about  5  p.  m.  to  the  westward.  Nothing  was  discovered 

of  the  whereabouts  of  X  Fleet  except  that  they  were  not  at  the 
Bcillies.  During  the  afternoon  the  Skipjack,  Antelope,  and  all  the 
destroyers  were  -cut  to  Plymouth  to  coal. 

At  ll  p.  m.  the  iici  altered  course  to  the  eastward,  and  passed  to 
the  southward  and  iii  sigh!  of  the  Scillies  at   s  a.  in.     The  Speedwell 
wb&  sent   t«»   reconnoiter  and   reported  thai  X   Fleet  was  not  at   the 
pcillies.     The    Scylla   was   sent    to   Penzance  t'>  obtain   news   from 

L800    <>l> 
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the  signal  station,  and  on  the  way  she  engaged  and  put  out  of  action 
the  Jason  (Y).  She  rejoined  B  Fleet  at  the  end  of  the  action 
between  the  main  fleets. 

At  8  a.  m.  the  B  Fleet  altered  course  and  stood  toward  the  Lizard, 

and  at  10.15  a.  m.  a  message  was  received  from  the  Metampus,  report- 
ing the  position  of  X  Fleet.  B  Fleet  then  steered  to  cut  off  X  Fleet, 

and  about  noon  the  main  fleets  sighted  each  other.  At  1.15  p.  m.  the 
action  between  the  main  fleets  commenced  at  a  range  of  7,000  yards. 

The  Mdampm  did  not  rejoin  the  fleet  with  the  other  cruisers,  but 
being  in  communication  by  wireless  telegraphy,  continued  to  search 
for  X  Fleet. 

At  7.30  a.  m.  she  chased  one  of  the  enemy's  destroyers  (Zebra),  and 
soon  after  1<>  a.  m.  sighted  X  Fleet,  and  kept  in  touch  with  them  until 
both  fleets  were  in  sight,  when  she  rejoined  B  Fleet. 

Four  of  Z  Squadron  destroyers  (Mermaid,  Zebra,  Avon,  and  Spitfire) 

joined  the  X  Fleet  at  Guernsey  and  were  sent  on  to  search  for  B 

Fleet.  The  main  fleet  weighed  shortly  before  midnight  on  the  1th, 

and  after  clearing  the  islands  proceeded  on  a  northwesterly  course  at 

10  knots  speed  to  a  position  25  miles  south  of  the  start,  where  they 
arrived  at  5.30  a.  m..  and  then  altered  course  down  the  channel. 

About  9  a.  m.  the  following  wireless  messages  were  taken  in  by  X: 

"To  Revenge.     What  is  your  latitude  and  longitude?" 
"Reply.     Steering  for  the  Lizard.  40  miles  east." 

Shortly  after  this  the  Zebra,  one  of  the  destroyers  scouting  for  the 

X  Fleet,  returned  and  reported  that  she  had  been  chased  by  a  cruiser 

(Melampus)  at  7.45  a.  m..  and  at  L0.35  the  Mdampus  was  sighted. 

The  fleets  were  in  sight  of  each  other  at  noon,  steering  on  converg- 
ing courses,  both  being  in  divisions  in  line  ahead  disposed  abeam  to 

starboard.     (See  plate  4.) 
The  X  Fleet  formed  in  battle  line  ahead  on  a  northwesterly  con 

the  second  in  command.  Rear- Admiral  Dyke  Acland,  leading  the  sec- 
ond division  at  the  head  of  the  column,  while  Vice- Admiral  Wilson,  on 

board  his  flagship  Majestic,  was  in  the  center  of  the  line.  The  armored 

cruisers  Narcissus  and  Immortalite  occupied  second  positions,  respec- 

tively, in  the  two  divisions.  The  distances  between  the  ships  were  •J"11 
yards.  The  first  cruiser  division,  composed  of  the  cruisers  Diadem, 

Arrogant,  Brilliant,  Niobe,  Furious,  and  Intrepid,  followed  in  the  wake 

of  the  battleship  column  at  a  distance  of  16  cable  lengths,  the  other 

four  cruisers  and  five  torpedo-boat  destroyers  being  on  the  starboard 
side  to  leeward  of  the  tire,  about  5,000  yards  off. 

The  B Fleet  was  approaching  at  a  high  rate  of  speed  on  a  northeast 

erly  course.      The  battleships  were  formed  in  four  lines  of  three  >hips 

each.     Rear-Admiral  Noel  led  the  second  line  of  the  left  wing.  Rear-j 
Admiral  Grenfell  the  second  line  of  the  right  wing.      The  SIX  cruisersj 

Amphitrite,   Edgar,   Prometheus^   Forth)  Melampus,  and  Imp 
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were  in  line  ahead  on  the  beam  of  the  battleships.  The  onl}^  destroyer 
with  the  fleet  was  steaming  to  leeward  off  the  last  battleship.  The 

distance  between  the  ships  was  about  300  yards,  that  between  the  divi- 

sions about  1,200  }rards.  When  the  fleets  had  approached  to  within 

12,000  }7ards  of  each  other  Admiral  Noel  swung  around  with  the  lead- 
ing ships  four  points,  then  two  points  (see  plate  4,  positions  I  and  II), 

so  that  the  divisions  were  steaming  in  quarter  line  two  points  astern. 

Gradually  he  swung  around  farther  on  a  northwesterly  course  and 
likewise  formed  in  line  ahead.  As  the  result  of  this  move  and  the 

high  rate  of  speed  of  12  knots,  which  some  of  the  ships  were  hardly 
able  to  keep  up,  there  was  considerable  confusion  in  the  formation  of 

the  line.  Vice-Admiral  Wilson  allowed  the  enemy  to  approach  to 
within  about  6,000  yards  before  opening  fire.  Then,  taking  advantage 

of  his  superior  speed,  he  formed  in  a  flat  arc  around  the  head  of  the 
hostile  column.  Toward  the  end  of  the  battle  he  was  on  a  west-south- 

westerly course  (see  plate  1,  position  IV).  Admiral  Noel  followed  the 
turn  to  the  westward  on  an  inner  arc,  and  during  the  whole  of  the 

engagement  he  remained  exposed  to  the  enemy's  concentrated  fire. 
The  regularity  of  the  line  was  broken  more  and  more.  The  battleship 

Dreadnought  dropped  so  far  behind  that  there  was  finally  an  interval 
of  8  cable  lengths  between  the  Benbow  and  Revenge.  The  first  cruiser 

division  of  the  X  Fleet,  soon  after  the  beginning  of  the  engagement, 

received  orders  to  swing  to  port  and  place  itself  between  the  rear  end 

of  the  hostile  line  and  the  cruiser  group  (position  III).  In  doing  so  it 

exposed  itself  for  some  time  to  the  fire  of  the  heavy  guns  of  the  rear 

ships  of  the  hostile  column.  When  Admiral  Wilson  changed  his  course 

to  the  southwest  the  cruiser  division  returned  to  its  former  position 

in  the  wake  of  the  battleship  squadron,  so  as  not  to  be  cut  off.  This 
maneuver  of  the  cruiser  division  can  not  be  considered  a  success. 

After  an  hour's  fighting  the  battle  was  stopped  and  the  decision  of  the 
umpires  appealed  to.  The  distance  between  the  lines  was  1,500  to 

3,000  yards.  The  Jujpiter  and  Prince  George,  forming  the  rear  of  the 
column,  launched  torpedoes  at  1,500  yards. 

Almost  simultaneously  with  the  termination  of  the  battle  Admiral 

Noel  received  instructions  from  the  Admiralty  by  wireless  telegraphy 
from  Lizard  Head  that  the  maneuvers  were  at  an  end.  During  the 

whole  of  the  battle  only  three  signals  were  made  in  the  X  Fleet  and 
nine  in  the  B  Fleet. 

The  two  fleets  separated  at  once.  Admiral  Wilson  steamed  for  Tor- 

bay  by  way  of  the  Seilly  Islands,  Admiral  Noel   proceeded  directly  to 
Portland.    The  decision  of  the  umpires  was  unfavorable  to  the  B  Fleet. 

The  total  losses  up  to  the  time  of  the  decisive   battle  were,  for  the  X 

Fleet,  '■',  cruisers,  l  gunboat,  o*  destroyers,  and  V  torpedo  boats;  for  the 
B  Fleet,  \'J.  cruisers,  '1  gunboats,  and  12  destroyers. 
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COMMERCE    AVARFARE. 

Owing  to  the  premature  termination  of  the  maneuvers,  the  .second 
part  of  the  programme  laid  down  in  the  general  idea  was  not  fully 

carried  out.  Vice- Admiral  Wilson  regarded  the  harassing  of  the 
channel  commerce  as  of  very  secondary  importance,  so  long  as  there 

was  any  possibility  of  efficient  hostile  squadrons  making  their  appear- 
ance in  the  channel,  and  he  employed  only  torpedo-boat  destroyers  for 

the  purposes  of  commerce  destruction.  A  merchant  vessel  was  con- 
sidered captured  when  a  warship  had  steamed  around  it  once.  This 

rule  must  be  regarded  as  too  favorable  for  the  privateer. 

ORDERS    GIVEN    BY    THE    ADMIRAL   OF    "x"    FLEET    FOR   CAPTURING    MERCHANT    SHIPS. 

As  the  ultimate  aim  of  X  Fleet  is  to  stop  the  trade  in  the  English  Channel,  and  St. 

George's  Channel,  and  the  actual  conditions  of  chasing  and  capturing  merchant  ves- 
sels can  not  be  exactly  imitated  in  peace  maneuvers,  the  following  procedure  is  to 

be  adopted  in  order  to  represent  a  capture: 

I.  In  order  that  a  vessel  of  X  Fleet  may  claim  to  have  captured  a  merchant  vessel, 

she  must  take  up  a  position  at  least  1  mile  astern  of  her,  and  then  steam  completely 

around  her,  passing  at  least  2  cables  ahead,  taking  care  not  to  pass  so  close  as  to 

cause  any  anxiety  or  inconvenience  to  the  merchant  ship. 
II.  This  is  based  on  the  consideration  that  a  merchant  ship  will  make  off  as  soon 

as  she  discovers  that  an  enemy's  man-of-war  is  in  sight,  and  will  have  to  be  chased 
until  within  the  extreme  range  of  the  guns. 

III.  The  chase  in  clear  weather  would,  therefore,  often  have  to  gain  5  or  6 

miles  before  bringing  a  vessel  to,  but,  on  the  other  hand,  at  night,  or  in  thick 

weather,  they  might  come  under  fire  without  any  chase  at  all,  and,  even  without 

chasing,  many  ships  would  be  driven  off  and  prevented  from  reaching  the  enemy's 
coast,  even  if  they  are  not  captured. 

IV.  Only  British  vessels  are  to  be  captured. 

Merchant  ships  claimed  by  X  Fleet. 

The  number  of  merchant  ships  claimed  to  have  been  captured  by  vessels  of  X  Fleet 
are: 

By  X  destroyers          154 

154 

By  Y  gunboats       78 

By  Y  destroyers       <>4 

14 'J 

By  Z  gunboats         9 

By  Z  dest rovers        -4 

S3 
Total    129 
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Chaot   5— BRITISH   NAVAL   MANEUVERS,   1901. 

The  numbers  on  this  chart  indicate  the  actions  fought,  and 
correspond  with  the  number  of  the  action  given  in  the  list  of 
actions. 

Note  that  the  important  fights  in  these  maneuvers  took  place 
off  the  junction  or  turning  points  of  trade  routes. 

3.4  s.e. 
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A  GERMAN  VIEW  OF  THE  MANEUVERS. 

[From  the  Marine  Rundschau.] 

1.    Object  of  the  maneuvers  and  dispositions  of  the  Adiniralty. 

Judging  from  the  general  idea  and  the  special  instructions,  it  was 

apparently  the  intention  of  the  Admiralty  to  gain  enlightenment  as  to 

the  following  points: 

(a)  In  what  manner  can  the  problems  of  gaining  control  of  the  sea 

in  the  Channel  and  protecting  the  Channel  commerce  be  combined? 

(b)  What  lighting  means  are  necessary  to  that  end  and  how  are  they 

to  be  employed? 

(c)  In  what  manner  are  the  operations  affected  by  the  necessity  of 

renewing  coal  supplies  2 

(d)  In  how  far  can  wireless  telegraphy  be  employed  as  a  means  of 
communication  in  war? 

The  conviction  that  the  struggle  for  the  control  of  the  sea  is  a 

necessary  prerequisite  to  any  other  warlike  operation  and  must  take 

first  place  has,  in  no  other  country,  taken  such  a  hold  on  the  people  as 

in  England.  And  yet,  owing  to  the  fact  that  England's  existence  is 
conditioned  upon  the  unimpeded  importation  of  food  supplies  and  the 

further  circumstance  that  a  great  part  of  the  national  wealth  is  floating 

on  the  sea,  she  will,  in  ease  of  war.  from  the  very  beginning  of  hos- 
tilities withdraw  forces  from  the  battle  fleet  in  an  endeavor  effectually 

to  protect  her  commerce.  This  tendency  will  become  the  more  appar- 

ent the  better  and  longer  the  hostile  fleet  is  able,  By  the  rapidit\r  of  its 
movements,  to  elude  a  decisive  battle.  The  distribution  of  the  light- 

ing forces  to  the  different  parties  shows  that  this  contingency  is  reck- 
oned with  in  England.  If  in  case  of  war  with  France  the  Channel 

Squadron  were  sent  to  reenforce  tin4  Mediterranean  Squadron,  the 
protection  of  the  Channel  and  of  the  Channel  traffic  would  be  left  to 

the  reserve  squadron,  composed  of  obsolete  types  of  ships. 

By  prohibiting  the  ships  from  coaling  between  July  21  and  the  begin- 
ning of  hostilities  and  by  instructing  the  main  fleets  to  be  stationed  at 

midnight  of  July  28  about  500  miles  from  their  nearest  base  of  opera- 
tions, it  must  have  been  intended  to  simulate  either  an  advanced  stage 

of  a  struggle  or  a  sudden  breaking  out  of  hostilities  for  the  purpose  of 

obtaining  additional  light  on  the  important  question  of  coaling  Large 

naval  divisions.  The  assumption  that,  as  the  result  thereof,  the  scene 

of  action  was  not  to  be  sought  in  the  Channel  but  in  the  Mediterra- 
nean is  not  consistent  with  the  general  idea. 

The  disposition  that  the  umpires  were  to  be  in  London  has  proved 

in  this  year's  maneuvers  even  more  inexpedient  than  in  previous  years. 
In  order  that  the  operations  might  represent  as  nearly  as  possible 
actual  conditions  of  war.  the  final  decisions  should  have  been  announced 

immediately  after  each  engagement.     Owing  to  the  delayed  receipt  of 
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the  decisions  it  was  impossible  for  the  admirals  to  form  immediate 

plans,  as  they  did  not  know  what  lighting  forces  they  would  have  to 
deal  with,  both  on  their  own  side  and  on  that  of  the  enemy.  The 
immediate  utilization  of  results  is  too  important  a  factor  in  Avar  to  be 

neglected  in  peace  maneuvers. 
The  staffs  did  not  have  a  sufficient  number  of  officers  possessing  the 

necessaiy  experience  in  the  strategic  and  tactical  employment  of  large 
divisions  of  ships.  The  complete  failure  of  the  scouting  cruisers  of 

the  B  Fleet  must  be  ascribed  wholly  to  this  deficiency. 

%.    Ope rations  of  the  fleets. 

The  wording  of  the  general  idea  prescribed  to  the  two  commanders 
in  chief  their  course  of  action,  as  it  were,  first  of  all,  attainment  of  the 

control  of  the  sea,  and  then  attack  and  protection  of  the  Channel 

traffic.  Both  admirals,  during  the  whole  of  the  maneuvers,  bore  this 

gradation  in  mind,  but  only  the  commander  in  chief  of  the  X  Fleet 

realized  its  full  import.  Admiral  Wilson  knew  that  he  could  not  fight 

the  inevitable  decisive  battle  until  he  had  weakened  the  enemy  b}T 
partial  defeats.  During  the  first  period  of  the  struggle  it  was  not  the 

enemy's  main  fleet  that  was  to  his  mind  the  principal  objective  of  attack, 
but  the  cruiser  fleet.  The  latter  he  could  meet  with  at  least  equal 

forces.  If  he  succeeded  in  defeating  it  he  insured  to  himself  freedom 

of  movement  and  rendered  it  impossible  for  the  commander  in  chief  of 

the  B  Fleet  to  force  him  to  a  decisive  battle  against  his  will.  By 
the  immediate  incorporation  of  the  cruisers  Iphigenia  and  Intrepid 

into  the  cruiser  divisions  of  the  main  fleet  he  sought  to  attain  numer- 
ical superiority,  which  is  so  important  a  factor  toward  success.  The 

attack  upon  the  enemy's  commerce  remained  in  his  eves  a  matter  of 
secondary  importance.  His  clear  perception  of  the  situation  trans- 

mitted itself,  as  a  matter  of  course,  to  the  officers  commanding  his 

ships.  The  commanding1  officer  of  the  Diadem,  upon  meeting  with 
the  hostile  scouts  al  noon  of  July  ̂ i>,  knew  that  he  must  first  make 

sure  whether  he  had  to  deal  with  superior  or  with  inferior  forces,  and 
in  the  latter  case  bring  about  a  decisive  battle. 

It  was  also  a  correct  step  for  the  X  Fleet  to  remain  at  the  Scilly 
[glands  until  the  final  decision  as  to  the  cruiser  engagements  at  Wolfs 

Hock  and  Lizard  Head  became  known.  The  success  of  tin1  plan  for 
raising  the  blockade  of  AMerney  was  conditioned  essentially  on  a  relia- 

ble information  service  as  to  the  movements  of  the  hostile  battleship 
squadron.  The  losses  sustained  were  made  up  by  Admiral  Wilson, as 

far  as  possible,  by  transferring  the  cruisers  Brilliant  and  JEolus  of 

the  V  Squadron  to  the  cruiser  divisions  of  the  main  lleei  and  retain- 

ing those  divisions  with  the  nucleus  of  the  Heet.     The  <»nl\  thing  that 
mu>t  seem  Strange  is  that  during  his  stay  of  a  dav  and  a  half  at  the 

Stilly   [glands  he  did  nol   have  the  -hips  reeoal;   at  least,  the  reports  do 
not  mention  anything  to  ih.ii  eflect. 
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When  the  D  Squadron  had  been  completely  defeated  at  Alderney, 

the  hostile  cruiser  fleet  ceased  being  an  all-important  objective.  Vice- 
Admiral  Wilson  now  had  to  make  up  his  mind  to  fight  the  decisive 

battle  with  the  main  fleet  in  order  to  solve  the  first  part  of  the  problem 

set  before  him.  But  he  avoided  the  unfavorable  opportunity  during 
the  night  of  August  3,  because  at  night  he  could  not  utilize  to  the 

full  extent  the  superior  range  of  his  guns. 

The  same  good  judgment  and  energy  which  Admiral  Wilson  had  dis- 
played in  the  strategic  employment  of  his  forces  he  also  showed  as 

tactical  commander.  His  operation  toward  raising  the  blockade  of 

Alderney  was  well  calculated  to  place  the  hostile  D  Squadron  into  his 

hands  if  he  could  surprise  it.  In  order  to  win  the  decisive  battle  at 

Lizard  Head  on  August  5,  he  had  to  utilize  the  superiority  of  the 

armament  of  the  individual  ships  and  the  superior  speed  of  the  fleet 

and  seek  to  impose  upon  the  adversary  a  battle  at  long  range.  He 

brought  the  enemy  into  the  center  of  the  effective  fire  of  his  ships 

and  then  fired  upon  him  at  ranges  between  1,500  and  6,000  yards. 

Three  points  are  especially  to  be  noted:  His  commanding  the  battle- 
ship squadron  from  the  center  of  the  line;  the  incorporation  of  the 

armored  cruisers  Immortalite  and  Narcissus  into  this  squadron,  and 

the  placing  of  a  special  cruiser  division  in  the  wake  of  the  column. 

The  position  of  the  admiral  in  the  center  is  probably  the  most  favorable 

one  for  carrying  on  a  battle  with  large  guns.  It  gives  him  a  better 

chance  to  see  what  is  going  on  than  from  the  head  of  the  column.  The 

incorporation  of  the  two  armored  cruisers  into  the  homogeneous 

squadron  of  battleships  was  probably  effected  in  view  of  the  inferior 

fighting  efficiency  of  some  of  the  battleships  of  the  B  Fleet.  Moreover, 

it  is  preferable,  from  a  tactical  standpoint,  to  assign  to  ships  of  inferior 

fighting  efficiency  a  place  in  the  middle  of  a  line  rather  than  at  its  ends. 

By  the  formation  of  a  special  cruiser  division  for  the  support  of  the  bat- 
tleships, Admiral  Wilson  apparently  wanted  to  ascertain  by  experience 

in  what  manner  a  squadron  composed  of  modern  cruisers  can  take  part 

in  an  engagement  between  battleships.  It  is  hardly  reasonable  to 
assume  that  he  had  in  mind  above  all  the  destruction  of  the  still  avail- 

able cruisers  of  the  B  Fleet,  otherwise  be  would  not  have  kept  four 
cruisers  inactive  as  a  reserve. 

Of  the  torpedo-boat  destroyers  Admiral  Wilson  does  not  appear  to 
have  had  a  very  high  opinion.  While  he  reenforced  his  main  fleet 

with  the  cruisers  of  the  Y  and  Z  squadrons,  he  does  not  seem  to  have 

attached  the  same  importance  to  doing  so  in  the  case  of  the  destroyers. 

To  them  he  intrusted  the  attack  upon  the  enemy's  commerce,  which 
in  the  first  stage  of  the  struggle  he  considered  a  secondary  operation. 
Whether  he  deemed  these  vessels  especially  suitable  for  the  purpose 

is  an  open  question,  but  it  is  hardly  to  be  assumed.  His  cruis< 

between  Alderney  and  the  Scilly  Islands  even  show  a  rather  low  opin- 
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ion  of  the  efficienc}^  of  these  vessels,  which  can  not  boast  of  any  great 

successes  in  the  maneuvers.  The  question  of  the  best  tactical  employ- 

ment of  torpedo-boat  destroyers  has  not  been  brought  nearer  solution 
by  him. 

An  energetic  will  based  on  clear  judgment,  rapidity  of  movements 

supported  by  good  information  service,  and  concentration  of  forces 
at  the  points  of  probable  encounter  made  Admiral  Wilson  master  of 

the  Channel  after  eight  da}\s'  fighting  and  would  have  enabled  him,  in 
case  the  maneuvers  had  been  continued  for  some  length  of  time,  to 

cripple  materially  the  traffic  in  the  Channel. 
The  task  which  fell  to  the  share  of  the  commander  in  chief  of  the 

B  Fleet,  Rear- Admiral  Noel,  was  by  far  the  more  difficult  one.  It 
was  not  nearly  so  easy  for  the  latter  to  decide  upon  letting  the  English 

commerce  in  the  Channel  take  care  of  itself  and  drawing  to  himself  all 
the  available  forces  for  the  decisive  battle  with  the  main  fleet  as  it 

was  for  Vice-Admiral  Wilson  to  desist  from  an  effectual  attack  upon 
commerce.  The  former  knew  that  the  Admiralty  wanted  to  collect 

experience  as  to  whether  and  in  what  manner  the  reserve  squadron 

with  the  small  lighting  forces  which  would  be  at  its  disposal  in  case  of 

war  would  be  able,  simultaneously  with  the  struggle  for  supremacy  in 
the  Channel,  to  protect  the  Channel  traffic;  his  position  was  a  forced 

oik-,  so  to  speak.  Still  in  many  respects  his  course  of  action  can  not 
be  approved.  An  erroneous  appreciation  on  his  part  of  the  effi- 

ciency of  his  own  and  of  the  enemy's  fighting  means  led  to  more  scat- 
tering than  was  necessary.  The  greatest  mistake  was  made  in  the 

employment  of  the  scouting  vessels,  which  for  his  fleet  being  inferior 
in  speed,  were  in  spite  of  the  cooperation  of  the  signal  stations  of 

even  more  importance  and  value  than  for  the  enemy.  A  safe  and  well- 
organized  information  service  was  the  first  prerequisite  to  the  success 
of  the  plan  of  forcing  the  faster  X  Fleet  to  a  battle  and  drive  it  out  of 

the  Channel.  Admiral  Noel  ought  to  have  kept  strong  cruiser  forces 

constantly  with  his  fleet.  Instead  of  that  he  detached  nearly  all  the 

cruisers  belonging  to  the  main  fleet  as  early  as  .July  27  at  the  western 
entrance  to  the  Channel;  only  three  of  the  older  cruisers  remained 

with  the  battle  squadron.  By  detaching  the  cruisers  he  deprived  him- 
self of  the  possibility  of  energetic  reconnoitering  in  his  advance  into 

the  Channel;  and  by  holding  back  three  cruisers  he  weakened   the 

group  detached  to  such  an  extent,  that  in  case  of  an  encounter  with  the 

hostile  scouting  vessels  the  former  would  presumably  be  numerically 

inferior.  The  danger  of  meeting  with  superior  cruiser  forces  in  the 

western  entrance  to  the  Channel  was  yerj  great  in  view  of  the  prox 

unity  of  the  hostile  bases  of  operations,  the  Scilly  and  Channel 
islands.  Nor  was  the  cruiser  group  strong  enough  for  the  effectual 
protection  of  commerce.  In  any  event,  Admiral  Noel  should  have 
instructed  the  cruisers  to  risk  an  engagement  only  in  case  they  could 
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count  on  a  victory  with  small  losses.  Such  an  opportunity  did  not 

present  itself  at  Wolfs  Rock.  In  spite  of  the  heavy  weather,  the 

commanding  officer  of  the  Edgar  must  have  become  aware  very  soon 

that  he  had  to  do  with  a  strong  cruiser  division.  When  Admiral  Noel 

steamed  through  the  Channel  he  realized  himself  that  he  did  not  have 

enough  scouting  vessels.  Communication  with  the  signal  stations  by 

means  of  wireless  telegraphy  and  carrier  pigeons  failed.  The  highly 

important  news  of  what  had  happened  at  Lizard  Head  and  Wolfs 

Rock  did  not  reach  him  until  twelve  to  eighteen  hours  later. 

A  further  mistake  at  the  very  beginning  of  the  maneuvers  was  the 

observation  of  the  Z  Squadron  at  the  Channel  Islands  by  inadequate 

forces.  As  the  cruiser  Prometieus  had  to  be  left  behind  at  Ports- 

mouth, the  D  Squadron  was  superior  to  the  Z  Squadron  by  only  three 

destroyers.  The  reinforcement  by  the  torpedo-boat  flotilla  of  the  main 
fleet  was  not  sufficient.  If  Admiral  Noel  deemed  it  necessary  to  block- 

ade the  Z  Squadron  in  order  to  protect  his  advance  to  Portland  and 

the  English  traffic  in  the  Channel,  he  ought  to  have  had  the  C  Squadron 

reinforce  him.  For  the  observation  of  the  Z  and  Y  squadrons  at  such 

positions  as  the  Channel  and  Scilly  Islands  his  forces  were  inadequate. 

In  any  event,  he  should  have  abandoned  the  blockade  of  Alderney  after 
the  defeat  of  his  cruiser  division  at  Wolfs  Rock. 

During  his  advance  toward  and  through  the  western  entrance  to  the 

Channel,  we  note  once  more  the  complete  failure  of  the  scouting  and 

information  service.  In  spite  of  the  scarcity  of  cruisers,  the  torpedo- 

boat  destroyers,  as  far  as  known,  were  used  very  little  for  these  pur- 
poses. The  cruiser  groups  were  not  strong  enough  to  maintain  touch 

with  a  fast  fleet  surrounded  by  numerous  cruisers,  and  at  the  same  time 

keep  the  admiral  informed.  The  commanding  officers  of  the  cruisers 

apparently  did  not  fully  understand  their  mission.  At  least  the  con- 

duct of  the  Edgar  and  Amphitrite  on  the  evening  of  August  3  is  diffi- 

cult to  understand.  Here  are  two  large  cruisers  running  oil'  to  inform 
Admiral  Noel  of  tin4  whereabouts  of  the  X  Fleet,  leaving  the  Mdampus 
alone  to  maintain  touch. 

The  second  principal  reason  why  Admiral  Noel  did  not  succeed  in 

coming  upon  the  enemy  or  interfering  with  his  movements  must  be 

sought  in  the  choice  places  of  rendezvous  and  routes.  In  these  maneu- 
vers Admiral  Noel  did  not  follow  out  the  principle  generally  advocated 

in  England  that  the  boundary  of  the  home  country  is  the  hostile  coasl 

and  that  the  enemy  must  be  hunted  up  and  beaten  or  blockaded  then1. 
When  he  took  up  his  position  at  the  western  entrance  to  t ho  Channel 
for  the  first  time,  he  remained  during  the  night  in  the  vicinity  of  the 

signal  stations  of  Lizard  Head,  Rame  Head,  and  Start  Point:  t ho  sec- 
ond time  it  was  only  toward  the  end  of  his  stay  there  that  he  advanced 

as  far  as  the  vicinity  of  the  Scilly  Islands.  At  night  he  always  sought 

to  gain  the   open  sea.     In  the  absence  of  scouting  vessels,  Admiral 
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Noel,  even  at  the  risk  of  a  torpedo-boat  attack,  should  have  remained 
in  the  immediate  vicinity  of  the  hostile  base  of  operations.  Contrary 

to  his  adversary,  he  seems  to  have  had  a  high  opinion  of  the  efficiency 

of  torpedo  craft  at  night,  although  in  other  respects  he  has  not  made 
great  demands  upon  them  either. 

While  we  can  not  approve  of  Admiral  Noel's  course  of  action  from 
a  strategic  standpoint,  his  tactical  leadership  must  in  the  main  be 

acknowledged  to  have  been  correct.  The  B  Fleet,  being  inferior  in 

armament,  could  light  the  enemy  effectually  only  at  short  range.  But 

even  here  there  are  three  points  which  evoke  criticism:  The  late  for- 
mation in  battle  array;  the  position  of  the  flagship  as  fourth  in  the 

line1;  and  the  swinging  around  on  the  same  course  as  the  enemy's  for 
a  running  light. 

A  fleet  seeking  close  action  must  come  up  to  the  enemy  in  as  close 
formation  as  possible  and  therefore  the  battle  formation  must  be 

cflccted  early.  As  the  fleet  in  making  the  attack  exposes  itself  to  a 

superior  fire,  the  success  of  the  approach,  aside  from  the  speed,  depends 
on  good  leadership.  The  admiral  in  command  should  not  relinquish 

his  place  at  the  head  of  the  line  because  his  ship  will  suffer  the  most. 

The  running  fight  on  an  inner  arc  was  for  the  B  Fleet  the  most  disad- 
vantageous mode  of  figfhtingf. 

As  to  their  performances  from  the  point  of  view  of  seamanship,  both 

fleets  deserve  unlimited  praise.  The  X  Fleet  especially  navigated 

with  great  skill  and  safety.  Although  fog  and  dark  weather  prevailed 
and  the  waters  of  the  Channel  and  Scilly  Islands  are  among  the  most 
dangerous,  the  fleet  of  1(52  vessels  had  only  two  minor  accidents:  The 

running  aground  of  the  torpedo-boat  destroyer  Viper  at  the  Casquets 

on  August  8  in  the  fog.  and  of  torpedo  boat  81  at  the  Alderney-  break- 
water on  August  1 .  The  crews  and  the  greater  part  of  the  stores  were 

ued.     Only  one  ship,  the  cruiser  Intrepid,  lost  touch  with  the  fleet. 

S.    The  materiel. 

Except  for  the  fact  that  the  older  battleships  of  the  B  Fleet  are  no 

longer  well  adapted  for  modern  naval  warfare,  all  the  ships  placed  in 

commission  forthe  maneuvers  were,  on  the  whole,  equal  to  the  demands 
made  upon  them.  Of  the  20  battleships  the  Mars  alone  sustained  a 

-light  injury  to  her  steering  gear  and  the  Camperdovm  to  her  engines. 
The  average  speed  of  the  X   Fleet  was  L3  knots,  that  of  the  B  Fleet 
between   10.5  and   11   knot-.      In  the  ease   of   the  eruisers,  engines  and 

boilers  wen-  disabled  more  frequently.  Besides  the  cruisers  Arrogant 
and  Pelorus,  which  had  to  l»<>  left  at  the  shipyards  at  the  beginning 
of  the  maneuvers,  6  of  the  60  cruisers  and  gunboats  had  to  proceed 
into  port  for  repairs.  The  injuries  were  of  a  light  character.  Only 
on  board  the  Galatea  the  engines  gave  way  entirely.  Among  the  flo- 

tillas of  a  total  of  80  destroyers,   L6  accident-  occurred,  namely,  L2 
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injuries  to  engines  and  boilers,  3  collisions,  and  1  destroyer  touched 

bottom.  In  view  of  the  fact  that  3*2  cruisers  and  gunboats  and  3i  de- 

stroyers were  put  in  commission  for  the  maneuvers  after  only  an  hour's 
engine  trials,  the  percentage  can  not  be  regarded  as  extraordinarily 
high.  Any  other  modern  fleet  would,  under  the  same  circumstances, 
have  shown  no  better  results. 

Jf.   The  coaling  appliances. 

Each  of  the  two  fleets  had  at  its  disposal  5  colliers  which  had  often 

been  used  before  for  the  purpose  of  coaling  ships.  Besides  these,  the 

B  Fleet  used  coal  lighters.  It  is  to  be  regretted  that  but  little  has  been' 
learned  of  the  performances  of  individual  ships  in  this  respect.  In  the 

case  of  the  Revenge  it  took  about  nine  hours  to  take  on  400  tons  from 

a  collier  at  night,  owing  to  the  fact  that  the  steam  winch  had  become 

disabled.  The  number  of  hoisting  appliances  on  board  the  colliers 

and  ships  appears  to  have  been  inadequate. 

■  '>.   The  signaling  mums. 

The  intention  of  the  Admiralty  to  equip  all  the  battleships  and 

cruisers  witli  wireless  telegraph  apparatus  was  not  carried  into  effect. 

Admiral  Noel  employed  this  method  of  signaling,  especially  in  com- 
municating with  the  signal  stations,  but  not  with  great  success.  The 

cruiser  Furious  succeeded  very  soon  in  finding  the  key  to  Admiral 

Noel's  messages.  Before  it  will  become  entirely  serviceable  for  war 
purposes,  this  system  of  signaling  will  require  a  number  of  further 

improvements.     Moreover,  its  use  necessitates  well-trained  personnel. 
The  night  signaling  system  has  either  failed  to  function  in  many 

cases  or  it  has  not  been  properly  managed.  Off  Portland  as  well  as 

off  Plymouth  the  destroyers  of  the  home  party  were  recognized  too 

late.  During  the  night  of  August  3  the  destroyer  flotilla  of  the  1> 
Fleet  went  up  to  the  Niobe  under  the  impression  that  it  was  a  cruiser 
of  its  own  party. 

THE    lessons   to    BE    DERIVED. 

1.  Judging  from  the  course  of  the  maneuvers,  the  question  as  to 

whether  the  reserve  squadron  in  its  present  composition,  with  the 

small  lighting  forces  available,  will  be  able  to  defend  the  Channel  and 

the  Channel  traffic  from  a  hostile  fleet,  numerically  inferior,  but  com- 
posed  of  modern  ships,  must  be  answered  in  the  negative.  Whether 
the  results  of  the  maneuvers  would  have  been  the  same  if  the  com- 

mander in  chief  of  the  B  Fleet  had  from  the  very  beginning  devoted 

all  the  fighting  forces  at  his  disposal  to  driving  the  enemy  from  the 

Channel,  is  an  open  question.  In  any  event.  England  will  do  well  to 

replace  the  reserve  squadron  as  early  as  possible  by  a  squadron  of 
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modern  ships  with  a  strong  cruiser  division  if  the  protection  of  the 

Channel  and  of  the  Channel  traffic  is  to  be  left  to  the  reserve  squad- 
ron alone. 

2.  The  maneuvers  have  plainly  demonstrated  the  extreme  importance 

of  a  good  scouting  and  information  service  for  the  free  movements 
and  success  of  modern  fleets,  but  they  have  also  shown  that  this  branch 

of  the  service  has  been  much  neglected  during  the  last  few  }7ears  in 
England,  as  well  as  in  other  navies.  All  effort  has  been  concentrated 

on  the  tactical  development  of  the  battleship  squadron.  In  the  opinion 

of  the  English  professional  press  it  is  high  time  that  amends  be  made 

for  this  neglect.  Special  attention  will  have  to  be  devoted  to  the  choice 

and  training  of  cruiser  commanders.  Energetic  officers  of  clear  judg- 

ment and  free  from  am^  false  ambition  are  the  only  ones  suitable  for 
that  purpose. 

As  to  the  composition  of  cruiser  groups,  the  maneuvers  furnish  per- 
haps the  following  suggestions: 

(a)  A  cruiser  group  should,  as  far  as  possible,  consist  of  similar 
cruisers. 

(h)  Large  cruisers  are  best  adapted  for  strategic  scouting  outside  of 

the  field  of  action  of  the  battle  fleet,  small  cruisers  for  tactical  scout- 
ing and  for  safeguarding  the  route  of  the  battleships. 

(c)  The  groups  should  always  be  strong  enough  to  enable  them  to 

maintain  touch  and  make  reports. 

'!.  As  to  the  efficiency  and  mode  of  emplo3<ment  of  torpedo-boat 
destroyers,  the  opinions  are  as  }Tet  very  diverse  in  England.  This 

year's  maneuvers  have  contributed  nothing  toward  clearing  up  this 
point. 

4.  It  is  absolutely  necessary  that  those  who  are  designed  to  act  as 

commanders  in  chief  in  case  of  war  should  in  time  of  peace  be  kept  in 
constant  mental  communication  with  their  future  subordinates,  and, 

further,  that  they  should  be  given  frequent  opportunities  for  practical 
command. 

5.  in  spit<-  of  the  excellent  seamanship  of  her  corps  of  naval  officers, 
England  can  not  dispense  with  a  superior  school  for  the  sciences  of 
naval  warfare. 

i  mj'.i.i     PRACTICE   AND   INSPECTIONS. 

The   target    practice    and    inspections   passed    oil'    without    any   note 
worthy  occurrences.     The  ships  placed  in  commission  for  the  maneu- 

vers held  their  target  practice  separately.    The  Admiralty  had  granted, 

in  the  case  of  battleships  and  cruisers,  one  half  of  the  quarterly  allow 
ance  of  ammunition,  and  in  the  case  of  destroyers  and  torpedo  boats 

the  full  quarterly  allowance.     The  inspections  were  made  bj  the  com 
tnanders  in  chief  of  the  respective  fleets. 
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CONCLUSION. 

The  maneuvers  were  very  much  to  the  point  and  are  among  the 

most  instructive  held  during  the  last  decade  in  the  British  or  any 
other  navy.  By  the  freedom  of  action  granted  the  admirals  the  eon- 

ditions  were  made  to  resemble  as  nearly  as  possible  those  of  actual 

war.  The  accounts  which  have  appeared  in  the  daily  press  and  pro- 
fessional publications  have  not  been  as  complete  and  exhaustive  as  in 

previous  years.  The  report  submitted  to  the  Admiralty  by  the 
umpires  is  very  short  and  assigns  no  motives  to  the  decisions  of 
the  commanders  in  chief. 

Hence  the  idea  which  we  are  able  to  form  of  the  maneuvers  may 
not  in  every  point  correspond  to  the  actual  facts.  But  the  conclusions 

arrived  at  will  hardly  be  essentially  affected  thereby.  In  any  event, 

the  opinion  probably  still  holds  o-ood  that  the  personnel  and  materiel 
of  the  British  navy  is  efficient  in  every  respect  and  that  as  to  the  leader- 

ship of  large  divisions  of  ships  this  navy  may  serve  as  a  pattern. 

NOTES    FROM    VARIOUS    ENGLISH    PAPERS. 

"Since  he  took  over  command  of  the  Channel  Squadron  Vice- Admiral  Wilson,  V.  ('.. 
has  paid  close  attention  to  the  working  of  wireless  telegraphy  in  ships  at  sea.  Day 

after  day  he  spent  as  much  time  as  possible  in  the  "wireless  room"  of  the  battleship 
Majestic,  his  flagship,  studying  the  instruments  until  he  had  got  to  know  all  about 

the  system  and  its  possibilities.  When  "war"  was  declared  Vice-Admiral  Wilson 
very  cleverly  turned  to  account  his  thorough  grasp  of  the  new  method  of  signaling. 

To  the  signal  staff  of  his  flagship  he  gave  orders  that  they  should  not  work  their  own 

wireless  instruments,  but  should  use  these  to  read  off  the  messages  transmitted  between 

the  enemy's  ships  when  the  latter  were  near  enough  for  their  "talks"  to  be  inter- 
cepted. It  is  common  knowledge  that  if  one  ship  is  trying  to  communicate  with 

another  by  means  of  wireless  telegraphy  all  ships  or  stations  in  the  same  field  fitted 

with  Marconi's  instruments  receive  the  message.  The  big  defect  of  the  system,  in 

fact,  is  that  messages  can  not  be  "screened  off"  so  that  they  will  reach  only  the 
ship  for  which  they  are  intended.  By  thus  using  his  wireless  telegraphy  instru- 

ment- as  ears  instead  of  tontines,  Vice-Admiral  Wilson  was  enabled  t<>  gather  a  good 
deal  of  valuable  information  about  his  opponent.  Sir  Gerard  Noel,  the  commander 

in  chief  of  B  Fleet,  it  appears,  adopted  the  ordinary  naval  code  for  his  war 

nals,  with  the  slight  alteration  that  instead  of  making  only  three  letters  he  made 

five,  two  of  which  were  dropped  when  deciphering  the  m<  It  did  not  take  the 

signalmen  of  X  Fleet  long  to  get  the  key  to  B  Fleet's  code  sufficiently  to  read  all 
of  its  message-  that  were  picked  up  by  their  instruments.  In  fact.  Yice-Adnhral 
Wilson  had  the  advantage  of  being  able  to  sit  in  his  cabin  and  read  then. 

that  were  passing  between  the  enemy's  ships.  But  he  took  good  care  to  issue  for  his 
own  licet  a  code  that  could  not  be  deciphered  by  the  foe,  even  if  he  intercepted  the 
message. 

But  probably  the  most  important  lesson  respecting  wireless  telegraphy  which  the 
maneuvers  taught  is  that  it  is  rather  a  drawback  than  an  advantage  to  have  every 
cruiser  in  a  fleet  fitted  with  an  installation.  In  time  of  war  cruisers  would  scout  in 

divisions.  The  units  of  each  division  would  keep  within  usual  signaling  distance  of 

one  another,  and  it  would,  therefore,  be  quite  sufficient  if  one  ship  in  the  division 

possessed  a  set  of  wireless  instruments." 
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"There  is  one  further  point  of  considerable  importance  and  in  dispute.  It  will  be 
impossible  to  work  the  signal  books  in  action,  but  it  may  be  possible  to  work  single 
flags,  and  the  fewer  the  better.  It  goes  without  saying  that  what  we  are  going  to  do 
in  action  we  should  practice  while  we  can.  Neither  fleet  used  wireless  telegraphy 

during  the  action.  The  enemy  B  made  nine  signals  by  flags  during  the  action.  "We, 
X,  made  three  signals,  to  individual  ships,  one  to  the  cruiser  division  and  eight  gen- 

eral signals.  Our  longest  signals  consisted  of  two  hoists  of  seven  flags.  Admiral 

Noel's  longest  signal  consisted  of  five  flags.  Each  admiral  had  to  negative  a  signal 
during  the  action,  a  proceeding  which  might  be  difficult  in  real  war." 

"Apart  from  personal  considerations,  two  things  at  any  rate  should  be  learned. 
The  one  is  the  increase  of  the  facilities  of  coaling  at  our  naval  ports.  It  is  not  long 

since  it  was  pointed  out  in  our  notes  on  "  The  Services  "  that  at  no  port  was  there 
adequate  preparation  for  coaling  a  squadron.  Ship  may  fight  against  ship  as  to  which 
can  get  the  greatest  number  of  tons  on  board  in  the  shortest  time;  but  this  is  merely 
an  exercise.  It  almost  implies  one  ship  coaling  at  a  time,  and  how  feeble  this  is  the 
recent  maneuvers  have  demonstrated.  It  ought  to  be  possible  to  coal  half  a  dozen 

ships  at  once  at  Portsmouth,  Portland,  or  Plymouth — but  it  is  not,  and  in  war 
time  we  should  pay  the  penalty.  This  is  one  of  the  lessons  of  the  maneuvers  which 
ought  to  be  severely  laid  to  heart,  and  in  regard  to  which  amendment  ought  to  be 
made  at  once.  But  what  about  scouting?  Was  it  properly  carried  out?  Certainly 
not.  Is  there  any  single  manual,  with  Admiralty  sanction  or  without  it,  which  tells 
how  it  ought  to  be  conducted?  Again  the  answer  is,  certainly  not.  Yet  scouting 
is  one  of  the  most  important  operations  of  war;  a  knowledge  of  it  does  not  come  by 
intuition;  and  some  reasonable  endeavor  to  elucidate  its  possibilities  should  surely 

form  part  of  the  teaching  of  the  navy." 

"We  have  mobilized  29  ships  and  56  torpedo  craft,  and  we  have  found  12,200  offi- 
cers and  men  to  man  the  ships.  How  has  it  been  done?  The  Cressy,  a  commissioned 

ship,  has  been  left  with  a  hundred  hands  as  a  care-and-maintenance  party.  Men 
entitled  to  foreign-service  leave  have  been  drafted  to  ships.  Every  man  on  leave  has 
been  recalled.  The  depots  and  schools  are  left  to  deck  scrubbers  and  lamp  trimmers. 
At  few  previous  mobilizations  have  we  raised  such  a  modest  total  as  12,200  men,  and 
never  has  that  number  been  raised  with  so  much  difficulty.  And  were  we  at  real 
war  instead  of  playing  a  game,  how  could  we  supply  casualties  except  from  the 

ve,  which  everyone  agrees  is  the  most  doubtful  quantity  in  the  service?  We 
commend  this  appalling  condition  of  things  to  the  serious  consideration  of  the  navy 
league.  The  charter  of  that  organization  is  the  popularizing  of  the  navy.  The 
Admiralty  must,  of  course,  play  their  part  of  the  game,  and  they  must  make  the 

service  more  attractive.  In  the  meantime  we  can  dispense  with  the  league's  stra- 
dispositiOD  of  fleets,  while  the  nation  would  be  grateful  for  a  few  more  thousand 

rutin- 

TBI   naval   WAR  OOLLBOE. 

"The  maneuvers  serve  to  show  the  advantage  resulting  from  a  very  small  expendi- 
ture on  a  naval  war  college,  for  there  we  can  cave  thought  and  mutual  discussion 

among  officers  as  to  ho*  to  ad  under  circumstances  such  as  occurred  in  the  last 
maneuvers." 

A  discussion  of  tin-  maneuvers,  from  a  British  point  »>i*  view,  La 
given  iii  Brassey's  Annual,  1908. 

L800  -02 —  26 
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Section  II. 

FRANCE. 

The  French  naval  maneuvers  of  1901  involved  for  the  first  time  a 

phase  of  offensive  action  (offensive  in  execution,  defensive  in  its 

object)  on  the  part  of  the  French  fleet. 

Four  squadrons,  combined  two  and  two,  were  employed.  The  squad- 
rons representing  the  French  forces  were  designated  as  Squadrons  A 

and  A1,  while  the  enemy's  squadrons  were  designated  by  B  and  C. 
The  designation  of  these  squadrons  was  a  subject  of  interesting 

comment.  A  and  A1  were  evidently  two  elements  of  one  nation,  while 
the  designation  B  and  C,  of  the  two  squadrons  of  the  enemy,  was 

held  to  signify  that  they  were  allied  forces  of  two  powers,  and  wore 

not  two  elements  of  the  naval  force  of  one  power,  for  in  this  case  the 

squadrons  would  naturally  have  been  designated  by  B  and  B1  instead 
of  by  B  and  C. 
Some  held  that  the  operations  represented  war  with  England,  in 

which  the  English  Channel  Squadron  was  B  and  the  Mediterranean 

Squadron  at  Malta  was  C.  This,  it  was  contended  by  some,  was  a 

false  analysis,  because  of  the  squadrons  being  designated  B  and  C 

instead  of  B  and  B1. 
By  others  the  operations  simulated  a  war  with  the  Triple  Alliance, 

in  which  C  represented  the  Italian  forces,  B  the  German  fleet,  and 

A  and  A1,  respectively,  the  French  Mediterranean  and  Northern 
squadrons. 

The  probability  is  that  the  latter  conception  is  more  correct  than 

the  former,  although  each  case  is  one  of  conjecture,  as  no  definite 

information  was  given  out,  and  naturally  so,  by  the  French  authorities. 

No  exercise  in  mobilization  took  place,  the  lack  of  personnel,  and 

the  element  of  expense  probably  preventing.  In  place  of  this.  Vice- 
Admiral  Fournier  made  a  tour  of  the  north  coast  during  the  maneu- 

vers and  inspected  the  mobile  defenses  there,  at  which  time  the  torpedo 
boats  of  Category  A  were  made  mobile  and  took  part  in  the  exercises, 

apparently  for  the  purpose  of  showing  that,  even  during  the  absence. 
of  the  North  Squadron  these  coasts  were  not  without  defense. 

The  direction  of  the  maneuvers  was  assigned  to  V ice- Admiral  Ger- 
vais,  who  was  also  made  commander  in  chief  of  all  the  naval  fort 

assembled  for  these  exercises — the  North  Squadron,  the  Mediterra- 
410 
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nean  Squadron,  and  the  mobile  defenses  of  the  south  coast  of  France, 
Corsica,  Algiers,  and  Tunis. 

Out  of  the  reserve  there  were  placed  in  commission  for  the  maneu- 
vers the  battleship  Brennus  for  the  Mediterranean  Squadron  (accord- 

ing to  a  report  with  only  half  the  crew  allotted  by  the  budget),  which 
took  the  place  of  the  Bouvet,  selected  for  flagship,  and  the  cruiser 
Lavoissier,  with  the  transport  Japon  (as  collier).  The  cruiser  Condor 
was  brought  from  Crete  and  added  to  the  squadron.  Of  the  division 

of  armored  coast-defense  vessels  of  the  North  Squadron,  only  the 
Bouvines  and  the  Amiral  Trehouart  could  take  part  in  the  exercises, 

making  up  their  crews  from  the  two  remaining  armored  coast-defense 
ships  Balmy  and  Jemmapes,  which  were  placed  in  the  reserve,  second 
category.  Two  steam  colliers  with  about  1,600  and  1,400  tons  of  coal, 
respectively,  were  chartered  to  accompany  the  North  Squadron. 

Officers  of  the  Naval  Academy  were  embarked  in  the  fleet. 

Twenty -five  men  were  taken  from  the  reserves  for  each  battleship 
and  ten  for  each  cruiser. 

The  torpedo-depot  ship  Foudre  had  on  board  a  captive  balloon,  with 
crew. 

GENERAL  IDEA  OF  THE  MANEUVERS. 

France  finds  herself  at  war  with  an  eastern  and  a  western  power. 

The  French  Northern  Squadron  (A1)  is  on  its  way  to  reenforce  the 
Mediterranean  Squadron  (A).     Squadron  B  of  the  western  power  is 
about  to  enter  the  Strait  of  Gibraltar  to  join  Squadron  C  of  the  east- 

ern power,  which  is  lying  in  one  of  the  principal  ports  of  this  power. 
Squadron  A  is  in  possession  of  the  coasts  of  Algeria  and  France. 
Squadrons  B  and  C  are  masters  of  the  coasts  of  Tunis  and  Corsica. 
The  coasts  of  Spain,  Balearic  Isles,  and  Sardinia  are  considered 

neutral. 

The  following  places  are  considered  fortified  to  some  degree,  but 
are  unable  to  hold  out  against  an  attack  by  a  heavily  armed  squadron: 

In  Algiers — Oran. 
Philippeville. 
Tabarca. 

In  France— Marseilles. 
Port  Vendres. 

Island  of  Ilyeres. 
Villefranche. 

In  Corsica — St.  Florent. 
Bonifacio. 

The  following  places  are  considered  as  impregnable: 
In  France:  Toulon. 

In  Algieria:  Algiers. 
In  Corsica:  Ajaccio.     (Reports  contradictory  as  to  impregna bihty.) 
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Squadrons  A  and  A1  are  supported  by — 
1.  The  mobile  defense  of  Algeria. 
2.  The  mobile  defense  of  Tunisia  (transferred  to  Algiers). 
3.  The  mobile  defense  of  Toulon. 

Squadrons  B  and  C  are  supported  by  the  mobile  defenses  of  Corsica. 

The  object  of  the  maneuvers  was  twofold — one  phase  strategical,  the 
other  tactical. 

After  the  first  phase,  all  ships  were  combined,  under  the  command  of 
Admiral  Gervais,  for  tactical  exercises,  one  object  being  to  develop 
certain  tactical  formations. 

The  strategic  phase  is  first  considered: 
A  is  stronger  than  either  B  or  C,  but  not  as  strong  as  B  and  C  united. 
In  the  strategic  phase  A  is  to  try  to  prevent  B  joining  C  and  to 

destroy  B  at  the  beginning  of  hostilities.  If  unsuccessful  in  this,  B  and 

C,  joined,  gave  chase  to  A,  who  sought  to  join  A1,  and  A  and  A1,  united, 
in  turn  gave  chase  to  B  and  C  combined,  in  order  to  destroy  them. 

B  is  to  join  C,  the  latter  under  B's  command  is  lying  at  Ajaccio,  and 
can  not  leave  this  port  until  it  has  been  ordered  so  to  do  by  B. 

RULES   AND   REGULATIONS   OBSERVED   DURING   THE   MANEUVERS. 

The  gun. 

1.  To  each  ship  is  assigned  a  number  corresponding  to  its  military 
or  fighting  value,  which  in  order  of  battle  (ardre  de  battaille)  is  to  be 

displa}Ted  below  and  after  the  name  of  the  ship. 
2.  As  soon  as  the  hostile  forces  face  each  other,  each  vessel  is  to  sig- 

nal her  fighting  strength,  and,  when  at  a  distance  of  5,000  meters,  begin 
firing. 

3.  In  order  that  the  engagement  may  have  a  result,  the  stronger 
party  must  maintain  the  weaker  under  fire  for  at  least  twenty  minutes 
at  a  distance  less  than  5,000  meters  (5,450  yards),  or  else  ten  minutes  at 
a  distance  less  than  3,000  meters  (3,270  yards),  or  again  cross  him  at  a 
distance  of  less  than  1,500  meters  (1,035  yards). 

4.  At  night  all  distances  are  to  be  reduced  by  one  half. 
5.  The  engagement  being  at  an  end,  the  admirdUssimo  is  to  decide 

to  what  extent  both  adversaries  are  weakened,  or  which  one  of  them 
is  destroyed,  as  follows: 

(a)  If  the  combatants  are  equally  strong,  each  loses  one-fourth  of  its 
military  value. 

(h)  If  the  military  value  of  one  combatant  is  greater  than  two-thirds 
of  the  other,  the  stronger  loses  a  quarter  of  the  military  value  of  the 
weaker  and  the  weaker  loses  a  third  of  the  value  of  the  stronger. 

(c)  If,  on  the  other  hand,  the  military  value  of  one  is  less  than  two- 
thirds  of  the  value  of  the  other  combatant,  the  weaker  is  destroyed,  ami 
the  stronger  loses  a  third  of  the  military  value  of  the  weaker. 
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6.  During  engagements  a  strict  account  of  ammunition  is  to  be  kept, 
and  should  a  vessel  exhaust  her  supply  she  loses  all  military  value  for 

twenty-four  hours,  during  which  time  she  is  supposed  to  replenish  her 
magazines. 

The  torpedo. 

7.  For  a  vessel  to  be  judged  as  being  successfully  torpedoed,  the 
attacking  party  must  launch  its  torpedo  or  torpedoes  at  a  distance  not 
greater  than  400  meters  (436  yards)  and  at  an  angle  of  at  least  30  degrees 
with  the  keel  line  of  the  vessel  attacked. 

8.  A  torpedo  boat  remaining  under  a  searchlight  for  ten  minutes, 
before  being  able  to  launch  her  torpedoes,  is  to  be  considered  destroyed. 

9.  Any  vessel  successfully  torpedoed  shall  lose  military  value  as 
follows: 

A  battleship,  one-fourth  its  value. 
A  first  or  second  class  cruiser,  one-third. 
A  third-class  cruiser,  one-half. 
10.  Each  destroyed  vessel  is  to  remain  neutral  for  twenty-four  hours, 

and  under  the  proper  signal  sails  for  the  nearest  friendly  port,  where 
she  will  find  instructions  prepared  in  advance.  She  is  then  restored 
to  her  full  militaiy  value  and  is  to  rejoin  her  friends  and  continue  to 
participate  in  the  operations. 

11.  A  torpedo  boat  having  fired  all  her  torpedoes  is  to  remain 

neutral  for  twenty-four  hours  under  provisions  similar  to  those  of 
section  9. 

Attacks  against  coasts. 

12.  All  enterprises  against  hostile  coasts  permitted  by  international 
law  are  allowed. 

13.  Secondary  positions  relatively  armed,  belonging  to  combination 
A  or  B,  are  considered  as  destroyed  under  the  following  conditions: 

(a)  After  a  six-hours  engagement  with  an  armed  squadron  having 
a  military  value  greater  than  300. 

(I)  After  a  three-hours  engagement  with  a  squadron  having  a  mil- 
itary value  greater  than  000. 

14.  Forces  attacking  shore  stations  lose  20  units  for  each  hour's 
duration  of  the  fighting. 

L5.  Semaphore  stations  maybe  destroyed  by  the  attacking  party 
standing  for  thirty  minutes  at  a  distance  not  greater  than  3,500  meters 

S15  yards). 

16.  From  the  moment  of  destruction,  semaphores  may  no  longer 
signal  vessels  of  their  side. 

17.  Neither  side  is  to  go  beyond  the  limits  of  maneuver  area. 
18.  All  means  of  obtaining  information  concerning  the  enemy  are 

permitted.  French  consuls,  in  Spain,  are  requested  to  forward  tele- 
grams and  information  concerning  the  enemy. 
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19.  Coast  guard  and  signal  stations  are  garrisoned  and  take  part  in 
the  maneuvers. 

UMPIRING. 

Admiral  Gervais,  who  was  the  supreme  judge  of  the  maneuvers, 
was  on  board  the  Bouvet,  escorted  by  the  Galilee  and  HeUebcvrde. 

These  vessels  were  neutral  in  principle;  nevertheless  the  admiral 
reserved  the  right  to  interfere  in  favor  of  one  or  the  other  of  the 

squadrons  by  putting  ships  out  of  action  or  by  reducing  their  fighting 
strength  to  indicate  their  reduced  power  through  injury  in  action,  in 
order  to  reestablish  the  balance. 

The  object  of  this  was  to  prevent  a  too  sudden  and  unexpected 
termination  of  the  maneuvers,  without  an  opportunity  to  draw  the 
necessary  lessons. 

Composition  of  the  squadrons. 

A.— VICE-ADMIRAL  DE  MAIGRET  IN  COMMAND. 

No. 

1 

'2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Class. 

First-class  battleship ... 
  do   

  do   

  do   

Armored  cruiser   

  do   

  do   

Second-class  cruiser   

  do   

Torpedo  transport   

Third-class  cruiser   

Torpedo  cruiser   

Total  fighting  value. 

Name. 
FH5,V."g  Tonnage. 

Saint  Louis   

Charlemagne   

Gaulois   

Brennus   

Pothuan   

Chanzy   

Latouch-Treville 
Cassard   

DuChayla   

Foudre   

Linois   

Condor   

250 

250 

260 
250 ,50 

50 50 

25 25 

20 20 

10 

1,250 

11, 275 
11.275 

11,275 

11,395 

5,360 

4,933 

4,756 

3, 952 

3,952 
6,090 

2,345 
1.243 

Launched. 

1896 

1895 

1896 

1891 

1895 

1894 

1892 
18% 

1895 

1886 

1894 

18% 

Speed. 
18 

18 

18 

17 
19 

19 

1^ 

19.8 20 

19.9 

20.5 

17.7 

Coal, 

normal. 

820 

680 

680 

800 

538 413 
4% 

630 

624 

840 

200 lfiO 

A. i— REAR-ADMIRAL  MALLARME. 

Third-class  battleship 
  do   

Torpedo  gunboat   
Collier   

Total  tighting  value. 

Trehouart 

Bouvines . 

La  Hire... 

Japon    

1.50 

150 

5 

6, 629 

6,610 
8% 

306 

1893 

1886 

15.7 

16 

23 

300 

300 128 

B.— VICE-ADMIRAL  MENARD  IN  COMMAND. 

First-class  battleship  ...    Massena . 
  do      Carnot  .. 

.do      Hoche. 

.do 

.do 

Second-class  battleship. 

Amiral  Baudin 

Formidable  -  -■ 

Courbet    

150 

11,824 150 
12. 

126 10. 897 

126 11.911 

126 
12,166 

126 10,808 

L884 

(18861 

\1900J 

\1889J 

[l89»j 

\1888J 

17 

17.8 

16 16 

16 
15.  I 

800 

900 

1  000 
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Composition  of  the  squadrons — Continued. 

B.— VICE-ADMIRAL  MENARD  IN  COMMAND— Continued. 

No. 

7 

8 

9 

10 

11 

Class. 

Armored  cruiser   

  do   

Second-class  cruiser  — 

Third-class  cruiser   

Torpedo  gunboat   

Total  fighting  value, 

Name. 

Bruix   

Dupuy  de  Lome , 
D'Assas   

Surcouf   

Cassini   

Fighting 

value. 

50 50 

25 15 

10 

950 

Tonnage. 

4,754 .6,406 

4,000 

2, 044 958 

Launched. 

1894 
1890 

1896 
1888 

1894 

Speed. 18 

20 

19 

20.5 

21.2 

Coal, 

normal. 

406 

900 

630 200 

110 

C— REAR-ADMIRAL  AUBRY  DE  LA  NOE. 

First-class  battleship  . . . 
  do   

Third-class  cruiser   

Torpedo  gunboat   

Total  fighting  value . 

Charles  Martel 

Jaureguiberry . 

Lavoisier   

Dunois   

200 

200 
20 

5 

425 

11, 880 

11,824 

2,317 

1893 

1893 

1897 
1897 

18 

18 
20 

23 

677 

700 

226 

137 

GENERAL   OUTLINE    OF   OPERATIONS. 

Maneuvers  began  on  July  3,  when  A  squadron,  which  had  come 

westward  from  Algiers,  heard  that  B  had  passed  the  Straits  of  Gibral- 
tar. A  thereupon  proceeded  at  full  speed  toward  him,  and  discovering 

first  B's  cruisers  defeated  them.  This  crippled  B,  whose  battle  squad- 
ron was  reported  as  standing  up  the  coast  of  Spain,  attempting  to  avoid 

A  by  standing  northeast  close  to  the  coast.  A  immediately  followed 
at  full  speed  on  a  course  which,  owing  to  the  direction  of  the  coast, 
would  have  compelled  B  to  approach  A  on  a  converging  course.  The 
B  admiral  altered  course  to  the  south,  with  the  hope  of  gaining  time 
and  enabling  the  C  squadron  to  join  him.  He  was,  however,  taken  at 
a  disadvantage  and  defeated. 

Admiral  Gervais,  having  arrived  on  the  scene  on  the  Bouvet,  took 
command  of  both  fleets  and  redisposed  of  the  squadrons. 

Not  desiring  this  termination  of  the  maneuvers,  Admiral  Gervais 
decreed  that  the  engagement  had  resulted  in  the  escape  of  B,  but  that 

both  sides  had  had  their  fighting  value  reduced  by  the  damages  sus- 
tained in  action.  He  directed  A  to  proceed  toward  Oran  and  B  to  go 

eastward,  so  that  the  operations  might  be  resumed. 
It  is  to  be  noted,  however,  that  this  disposition  allowed  B  and  C  to 

unite 

A  proceeded  toward  Oran  and  was  joined  by  A1.  The  battleships 
of  A  and  A1  proceeded  toward  Mers  el  Keber,  while  (lie  cruisers  were 
sent  to  keep  touch  with  the  enemy. 

B  and  C  proceeded  to  Ajaccio,  and  were  followed  later  by  A  and  A1, 
who  established  a  blockade  at  Ajaccio. 

B  and  C  later  came  out  and  an  action  was  fought,  resulting  in  the 
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defeat  of  A  and  A1.     From  this  point  the  narrative  is  taken  from  the 
Marine  Rundschau. 

DETAILS   OF   THE   MANEUVERS. 

Squadron  A  received  from  its  dispatch  boat  at  noon  on  July  3  the 
information  that  B  had  passed  through  the  Straits  of  Gibraltar  at  8 
a.  m.  A  sent  the  cruisers  Foudre  and  Linois  eastward  to  observe  the 

movements  of  C,  and  itself  started  for  Cape  Palos  at  a  speed  of  13 
knots,  while  the  main  body  remained  on  the  Spanish  coast  and  the 

cruisers  made  scouting  trips  to  the  south;  the  surveillance  of  the  pas- 
sage between  Oran  and  Alboran  was  assigned  to  the  mobile  defenses 

of  Algiers  and  Tunis.  On  the  morning  of  the  4th,  at  3  o'clock,  Du 
Chayla  sighted  the  hostile  cruisers  Bruix,  Dupuy  de  Lome,  and 

D^Assas,  and  fled  before  them  back  to  A,  avoiding  the  scouts  of  her 
own  squadron.  The  cruisers  of  squadron  B,  which  had  passed  the 
meridian  of  Tarifa  at  8  a.  m.,  and  was  steering  close  along  the  Spanish 

coast  toward  the  rendezvous  appointed  for  C  off  Cape  Cullera,  fol- 
lowed the  Du  Chayla  and  suddenly  found  themselves  illumined  by  the 

searchlights  and  under  fire  from  the  main  bod}r  of  the  enemy,  which 
soon  put  them  hors  de  combat.  They  sailed  for  Alicante  for  the  24 

hours'  exclusion  from  the  maneuvers.  Soon  after  this  the  destroyer 

Espignole,  which  had  been  dispatched  to  the  Ba}T  of  Alicante,  there 
discovered  B  close  under  the  high  land  steering  to  the  east,  and  also 
the  commander  of  the  fleet.  B  sought  to  escape  from  battle,  but  was 
forced  to  fight  by  A,  and  defeated,  so  that  the  principal  problem  was 
settled  by  A.     The  commander  in  chief  broke  off  the  maneuvers. 

Meanwhile,  where  was  C?  The  latter  evidently  did  not  receive 
notice  of  the  passing  of  the  Straits  of  Gibraltar  by  B  until  the  4th, 

for  at  6  a.  m.  of  the  4th  it  started  for  the  rendezvous.  While  weigh- 

ing anchor  the  Charles  Martel  was  struck  by  a  torpedo  from  the  sub- 
marine Gustave  Zede,  which  had  come  from  Toulon  in  company  with 

a  tug.  The  distance  of  Ajaccio  from  the  rendezvous,  450  miles,  did 

not  permit  C  to  arrive  in  time.  The  same  cause  prevented  the  cruis- 
ers Foudre  and  Linois,  sent  out  to  observe  C,  from  being  at  Ajaccio 

before  the  sailing  of  the  same.  These  two  cruisers  formed  for  the 
rest  of  the  time  an  invisible  scouting  group,  which  did  not  again  appear 
until  July  8,  off  Marseille,  and  was  sent  from  there  to  Villefranche, 
where  the  seagoing  torpedo  boats  of  squadron  A  had  in  the  meantime 

arrived  after  a  stormy  passage.  It  was  not  at  any  time  able  to  pre- 
vent the  attacks  of  the  Corsican  torpedo  boats  against  the  coast  guard 

stationed  along  the  French  coasts,  which  resulted  in  a  mobilization  at 
Toulon  on  the  6th. 

DISCUSSION    OF   THE    PRECEDING    EVENTS. 

As  Squadron  C,  in  consequence  of  its  composition  and  strength,  was 
not  in  a  position  to  undertake  serious  enterprises  against  the  French 
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coast,  Admiral  de  Maigret,  in  order  to  accomplish  his  principal  task — 
namely,  to  prevent  the  union  of  B  and  C — was  able,  by  leaving  a  scout- 

ing group  to  observe  C,  to  go  to  meet  B  the  more  promptly,  as  at  the 
beginning  of  hostilities  he  was  just  as  near  the  Straits  as  Ajaccio.  The 
only  question  for  him  was  whether  B  would  shape  his  course  to  the 
north  or  to  the  south  of  the  Balearic  Islands.  It  was  too  late  for  him 

to  waylay  B  in  the  straits  between  Oran  and  the  Spanish  coast;  this 
must  be  left  to  the  mobile  defenses  of  Oran  and  Algiers.  It  was  to  be 
supposed  that  B,  in  the  passage  through  the  straits,  would  keep  close 
to  the  Spanish  coast  and  follow  the  latter  as  far  as  Cartagena,  whether 
he  then  sought  to  join  C  by  course  to  the  north  or  to  the  south  of  the 
Balearic  Islands.  Admiral  de  Maigret  acted  correctly  in  proceeding 
between  the  Balearic  Islands  and  Cape  St.  Antonio  along  the  Spanish 
coast  to  the  south.  In  this  way  he  could  intersect  the  hostile  squadron 
before  it  left  the  Spanish  coast  in  case  he  chose  the  course  to  the  south 
of  the  Balearic  Islands.  The  number  of  his  cruisers  was  not  sufficient 

to  find  the  enemy  in  the  wide  sea  room  south  of  the  Balearic  Islands. 
Admiral  Menard  with  Squadron  B  desired  to  accomplish  the  union 

with  C  by  a  course  to  the  north  of  the  Balearic  Islands,  and  was 
therefore  obliged  to  keep  to  the  Spanish  coast.  He  may  have  been 

influenced  to  this  decision  by  the  possibility  of  keeping  himself  in  com- 
munication with  C  by  using  the  telegraph  of  the  neutral  State;  his 

chances  of  success  would  seem  greater  if  he  had  taken  the  route 
between  the  Balearic  Islands  and  the  African  coast  and  had  located 

the  rendezvous  at  about  halfway  between  Tarifa  and  Ajaccio.  He  had 
far  better  chances  of  remaining  undiscovered  in  the  open  space  than 
in  confined  waters. 

Some  newspaper  reports  state  that  Admiral  de  Maigret  intercepted 

a  dispatch  sent  by  A  by  wireless  telegraphy,  which  reported  the  ren- 
dezvous for  B  and  C,  and  took  measures  accordingly.  This  was  pos- 

sibly an  interference  on  the  part  of  the  commander  in  chief;  for  if  B 
took  his  course  to  the  north  of  the  Balearic  Islands  white  A  was  search- 

ing to  the  south,  the  whole  maneuvers  must  have  passed  without  any 
result.  The  mobile  defenses  of  Oran  and  Algiers  were  unsuitable, 
both  in  number  and  in  general,  for  guarding  the  straits,  as  besides  the 
torpedo  boats  only  three  division  boats  were  present.  This  was  known 
to  the  commander  in  chief,  and  no  attempts  of  any  kind  were  to  be 
made  here,  which  above  all  things  should  have  been  the  purpose  of  the 
maneuvers.  This  was  only  possible  when  the  combatants  could  really 

meet,  and  to  that  end  the  run  along  the  Spanish  coast  was  the  better 
suited,  especially  as  the  opportunity  was  thus  offered  to  gather  ezpe 
rience  a-  to  the  transmission  of  information  by  the  aid  <>f  the  French 
consul-. 

The  way  BCOUting  wa>  managed    is   not  clearly   seen;   in  any  case  the 
lew  scouts  of  the  two  squadrons  were  on  duty.     Condor,  of  Squadron 

1300—02   27 
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A,  could  not  at  any  time  maintain  the  speed.  That  the  scouting 
group  from  B  followed  the  Du  Chayla  and  lost  touch  with  the  main 
body  is  said  to  have  been  due  to  the  misunderstanding  of  an  order. 
According  to  a  newspaper  report  this  order  was  to  decoy  the  hostile 

scouts  southward — that  is,  away  from  B — and  awaken  the  belief  that 
Squadron  B  was  shaping  his  course  south  of  the  Balearic  Islands.  If 
Admiral  Menard  had  really  contemplated  this  deception  of  the  enemy, 
his  cruisers  would  have  done  exactly  the  opposite.  In  any  case  it  was 
a  mistaken  line  of  action,  which  was  avenged  on  B.  If  this  squadron 
had  received  news  of  the  enemy  in  time,  it  would  perhaps  have  been 

able  to  escape  from  him,  as  the  speed  of  A  was  very  unfavorably  influ- 
enced by  the  slowly  moving  Brennus. 

Details  as  to  the  battle  in  the  bay  of  Alicante  are  lacking.  It 

appears,  however,  that  B  was  outmaneuvered  by  A  and  hemmed  in 
between  A  and  the  coast,  so  that  it  could  not  avoid  fighting. 

The  scouting  group  from  A,  sent  out  to  watch  C,  in  no  respect  ful- 
filled its  mission,  although  it  must  have  met  C.  The  Charles  Martel 

was,  moreover,  not  weakened  as  to  fighting  strength  by  the  torpedo 
from  the  Gusta/oe  Zeole,  the  judge  basing  this  decision  upon  the 

grounds  that  the  port  of  Ajaccio,  being  inaccessible  to  the  enemy,  was 
also  inaccessible  to  submarines.  The  mobile  defenses  of  Oran  and 

Algiers  had  reconnoitered  for  the  enemy  in  vain. 
The  director  of  the  maneuvers,  Admiral  Gervais,  waa  present  when 

the  decisive  encounter  took  place. 

CONTINUANCE   OF   THE   STRATEGIC    MANEUVERS. 

The  commander  in  chief  at  noon  of  the  4th  ordered  a  cessation  of 

the  maneuvers.  This  interval  he  used  for  evolutions  of  the  fleet  as  a 

whole,  and  then  made  new  disposition-,  as  follows:  Squadron  B  had  suc- 
ceeded in  escaping  destruction  by  the  enemy.  Its  cruisers  which  had 

been  placed  hors  de  combat  were  restored  to  it,  and  it  was  permitted 
to  go  out  of  sight  of  A.  Both  squadrons  had  suffered  damage  in  the 
battle;  reenforcements  for  both  were  on  the  way:  C  had  left  Ajaccio 

on  July  4  at  6  a.  m. ,  and  A1  Cadiz  at  4  p.  m.  The  new  maneuv< 
were  to  begin  at  3  a.  m.  July  5.  The  problem  for  both  parties 
remained  unchanged. 

A  sent  some  cruisers  to  meet  Division  A1,  expected  from  Cadiz, 
and  lay  over  night  in  the  vicinity  of  the  Bay  of  Alicante.  B  went  to 
meet  C  and  joined  the  latter  near  the  Balearic  Islands  on  the  morning 
of  the  5th.  Both  squadrons  were  now  superior  to  A  and  proceeded 
against  the  latter,  who  sighted  their  cruisers  in  the  neighborhood  of 
Alicante  and  retreated  before  them  in  a  southerly  direction  at  a  ̂ {>cc<l 

of  13  knots.  A  higher  speed  seemed  impossible  on  account  (^'  the 
imperfect  action  of  the  engines  of  the  Brennus.  The  cruisers  kept 
touch  and  the  chase  continued  the  whole  dav  without  result.      Toward 
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evening  the  cruisers  of  Squadron  A  sent  to  meet  Division  A1  came  in 
sight  to  the  west;  B  and  C  gave  up  the  unpromising  chase  and  pro- 

ceeded toward  Ajaccio,  where  they  arrived  at  4  a.  m.  on  the  8th.  A 

and  A 1  were  quite  close  to  Mars-el-Kebir,  where  they  met  on  the  night 
of  the  5th.  As  A1  had  to  replenish  her  coal  before  further  opera- 

tions, as  must  also  various  cruisers,  Admiral  de  Maigret  anchored  in 
the  roads.  He  here  received  telegraphic  notice  of  the  entrance  of  the 
two  hostile  squadrons  into  Ajaccio,  and  after  filling  his  bunkers  from 
the  transport  Japan  set  out  for  Ajaccio  at  noon  of  the  6th,  leaving 
behind  the  Esjpignole  with  a  bent  piston  rod.  The  sea  became  so 
rough  on  the  way  that  the  Condor  had  to  remain  behind  and  the 
squadron  proceeded  at  a  speed  of  only  12  knots.  On  July  8,  at  6  p.  m., 

A  and  A1  undertook  the  blockade  of  Ajaccio,  and  the  Foudre.  with 
the  torpedo  boats  of  the  mobile  defenses  of  Toulon,  also  joined  them. 

DISCUSSION   OF  THE   PRECEDING   EVENTS. 

After  Squadron  B  had  withdrawn  from  the  battle  with  A,  the  next 
thing  for  A  would  have  been  to  follow  B.  The  chances  against  this 
were  that  before  B  could  be  overtaken  it  would  have  joined  C,  and 

would  then  have  been  superior  to  A.  Moreover,  it  had  become  neces- 
sary for  certain  cruisers  to  replenish  their  coal  supply,  which  was  also 

necessary  for  Division  A1  before  undertaking  further  operations. 
These  causes  probably  led  Admiral  de  Maigret  to  give  up  the  pur- 

suit of  B,  and  to  send  three  of  his  cruisers  to  Division  A1  with  instruc- 
tions to  order  it  to  Oran. 

The  chase  begun  on  the  5th  could  not,  from  the  beginning,  have 
any  prospect  of  success,  on  account  of  the  speed  conditions  of  both 

squadrons.  The  distance  of  the  two  main  bodies  was  too  great — one 
report  gives  50  miles,  though  it  was  probably  about  20  miles — and  the 
superiority  of  speed  of  B  and  C,  2  knots  at  the  highest  speed,  which, 
moreover,  could  not  be  steadily  maintained,  was  too  small.  It  gave 
an  opportunity  to  the  ships  concerned  to  practice  in  a  sustained  run 
at  high  speed,  which,  according  to  all  reports,  succeeded  very  well. 
It  also  proved  the  strategic  value  of  speed.  The  giving  up  of  the 

chase  when  Division  A1  was  thought  to  be  sighted  was  proposed  in 
order  to  insure  a  retreat  from  the  probable  pursuit,  and  also  the 
return  to  Ajaccio,  whereby  time  was  secured  for  coaling. 

THE  BLOCKADE  OP  AJACCIO. 

Ajaccio  as  principal  port  for  B  and  C  being  impregnable  to  A,  A 
immediately  after  its  arrival  sent  ;t  landing  company  ashore,  which 
broke  up  the,  observation  station  on  the  Sanguinaires  and  caused  the 
passage  between  I  lie  islands  and  Corsica  to  be  closed  to  hostile  torpedo 
boats  by  obstructions,  and  searched  the  north  and  south  coasts  of  the 

bay  for  torpedo  boats,  during  which  a  division  was  pursued  and  some 
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boats  placed  hors  de  combat.  The  blockade  was  maintained  in  four 

lines,  the  inner  consisting  of  torpedo  boats  and  torpedo-boat  destroy- 
ers, the  second  of  cruisers,  the  third  of  armored  cruisers,  and  the 

fourth,  the  outer,  of  battleships.  All  ships  kept  under  way  with 

masked  lights.  The  blockaded  sought  to  injure  the  enemy  b}T  means 
of  its  torpedo  boats,  but  these  attacks  were  no  more  successful  than 

those  of  the  blockading  torpedo  boats.  The  attacks  were  made  sep- 
arately by  groups  and  did  not  go  beyond  the  inner  lines. 

By  direction  of  the  commander  in  chief,  Admiral  Menard,  with 

squadrons  B  and  C,  went  out  from  Ajaccio  against  the  enemy  on  the 
morning  of  July  9,  with  the  following  results: 

THE   BATTLE   OFF   AJACCIO. 

(See  plate  II. «) 

The  battleships  of  A  and  A1,  under  Admiral  de  Maigret,  were  steam- 
ing at  slow  speed,  line  ahead,  in  a  northerly  course  toward  land,  the 

end  division  being  at  a  great  distance,  when  at  about  4  o'clock  on  the 
morning  of  the  10th  the  battleship  squadrons  B  and  C,  under  Vice- 
Admiral  Menard,  also  in  line  ahead,  were  discovered  steering  toward 

A's  leader  in  a  westerly  course  (position  1,  plate  II).  at  about  4,500 
meters  distance.  Immediately  thereafter  the}'  opened  fire  and  turned 
90°  to  port  (position  2,  plate  II);  that  is,  on  the  opposite  course  to 

A  A1.  A'and  A1  returned  fire.  Admiral  de  Maigret  gave  the  signal, 
by  simultaneously  turning  16  points,  to  make  the  former  end  ship 

the  leader,6  according  to  other  reports,  by  turning  120°  to  port. 
This  signal  appears  not  to  have  been  understood  by  all  the  ships;  at 

any  rate,  it  was  onl}T  partly  obeyed,  so  that  Admiral  de  Maigret  gave 
the  signal  to  stop.  Most  of  the  ships  had  by  this  time  turned  8  points 
to  port;  Admiral  Menard  (B  and  C)  had  meanwhile  swung  round 
to  a  position  8  points  to  port  of  the  end  ship,  position  3,  and  could  hold 
the  enemy,  thrown  into  disorder,  under  a  destructive  fire  without  the 
latter  being  able  to  return  it,  as  his  own  end  ships  masked  the  guns  of  the 

others.  Admiral  de  Maigret  (A  A1)  then  signaled,  "Follow  the  leader." 
and  advanced  in  a  course  parallel  to  B  and  C.  But  it  was  too  late:  his 

end  ships  were  destro}Ted.  The  judge  closed  the  battle  and  declared 
the  squadron  of  de  Maigret  vanquished. 

DISCISSION    OF   THE    BATTLE. 

Squadrons  A  and  A1  seemed  to  have  been  taken  entirely  by  surprise 
by  the  appearance  of  B  and  C;  the  cruisers  were  farther  within  the 
bay,  and  the  slight  fog  may  have  enabled  B  and  C  to  go  out  unnoticed 

"The  sketch  can  make  no  claim  to  accuracy  regarding  the  position  of  the  ships  in 
the  Bay  of  Ajaccio,  as  data  relative  to  the  portion  of  the  hay  occupied  by  A  A 
lacking. 

^Changer  l'ordre  de  tete-a-queue  par  un  moiivenicnt  tons  a  la  fo 
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Fitting-out  exercises. 

After  a  few  da}^s'  rest  in  the  roads  of  Salin  d'  Hyeres,  which  was 
used  in  discussing*  the  strategic  maneuvers,  the  practice  fleet  arrived 
off  Toulon  at  about  11  a.  m.  on  July  11  for  the  purpose  of  replenish- 

ing her  stores,  especially  coal  and  feed  water.  As  is  well  known,  the 
necessaiy  steps  for  equipping  the  wharves  with  lighters,  etc. ,  had  been 
taken  in  good  season  on  the  part  of  the  dockyard,  but  the  lighters  in 
possession  of  private  individuals  seem  not  to  have  been  called  into 
requisition. 

The  commander  in  chief  had,  in  a  general  order,  held  up  the  work 
of  the  English  fleet  as  an  example  worth y  of  imitation,  and  as  shown 
by  the  work  of  the  crews  their  ambition  was  not  excited  in  vain. 

For  coaling,  the  fleet  was  divided  into  two  parts.  Immediately  after 
making  fast  the  lighters  were  towed  by  harbor  tugs  alongside  the  first 

group  (the  Mediterranean  Squadron  and  the  coast-defense  vessels), 

which  were  read}T  by  7  p.  m.  Night  work  was  forbidden.  The  second 
group  (the  North  Squadron)  had  to  wait  a  long  time  in  vain  for  the 
lighters,  as  difficulties  arose  about  the  workmen.  The  Italian  laborers, 
whom  a  contractor  had  engaged  to  fill  the  lighters,  struck,  and  had  to 

be  replaced  b}^  200  sailors  of  the  station  and  the  ships  of  the  reserve. 
Moreover,  the  dockyard  lacked  railways,  trucks,  and  lighters.  In 
consequence  of  this,  the  cruisers  Cassard,  Du  Chayla,  Dupuy  de 

Lome,  and  Latouche-Treville  had  to  proceed  to  the  landing  pier,  where, 
according  to  the  programme,  only  the  small  cruisers  were  to  coal.  By 
evening  1,500  tons  of  coal  were  still  to  be  taken  aboard.  The  14th  of 

Jul}T  was  a  national  holiday,  and  the  coaling  was  finished  on  the  loth. 
The  additional  fitting  out  with  water,  lubricating  materials,  and  fresh 
provisions  for  eleven  days  was  completed  on  the  evening  of  the  16th. 
No  ammunition  was  taken  aboard. 

There  were  to  be  transferred  altogether  11,000  tons  of  coal,  of 
which  7,800  tons  were  taken  by  battleships  and  3,700  by  cruisers  in 
the  roads;  in  the  harbor,  2,250  tons  by  ships  and  250  tons  \>y  torpedo 
boats;  petroleum,  250  tons;  lubricating  oil,  208  tons;  feed  water,  1,500 
tons;  of  provisions,  1,500  tons;  drinking  water,  7,000  kilograms;  bread, 
5,000  kilograms;  meat,  11  live  oxen  and  20  mutton  for  each  battleship; 
8  and  16  each  for  cruisers  of  the  first  class;  7  and  12  for  cruisers  of  the 
second  class;  4  and  8  for  cruisers  of  the  third  class.  The  provisions 

were  brought  on  board  by  the  ships'  boats. 
Admiral  Gervais  in  a  general  order  expressed  his  great  satisfaction 

with  the  work  done  and  the  zeal  of  the  officers  and  men.  which  had 

exceeded  all  previous  records.  The  reports  of  the  commanders  con- 
tained suggestions  of  improvements  in  the  coaling  apparatus  on  board, 

which  are  to  be  taken  into  consideration  in  the  future.  The  best 

results  were  also  given,  as  follows: 

Battleship  Gaulols,  185  tons;  St.  Louis,  172  tons;  (\imot,  166  ton-; 
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Massena,  154  tons;  armored  coast- defense  vessel  Bouvins,  135  tons; 
cruiser  Pothuau,  90  tons;  Bruix,  75  tons;  Cassini  and  Galilee,  71 
tons,  average  per  hour  each.  The  Carnot  had  the  best  record  to  show, 
244  tons  during  one  hour.  This  decision  of  the  commander  in  chief 
may  be  accepted  as  just,  although  the  record  was  still  not  equal  to  that 
of  the  English.  In  explanation  of  this  there  was  cited  the  almost  entire 
lack  of  the  Temperley  apparatus,  and  the  fact  that  a  great  part  of  the 
coal  was  delivered  in  the  form  of  briquettes.  Whether  the  bunker  holes 
are  essentially  smaller  or  more  unfavorably  situated  than  in  ships 
of  other  navies,  which  was  also  cited  in  explanation,  could  not  be 
determined. 

The  transportation  facilities  of  Toulon  only  suffice  for  fully  coaling 

in  one  day  in  the  roads  9  armored  coast-defense  vessels  and  4  cruisers. 
The  strike  of  the  workmen  prevented  the  prompt  refilling  of  the 
emptied  lighters.  One  should,  however,  refrain  from  drawing  from 
this  exaggerated  decision  relative  to  the  insufficient  preparedness  for 

war  of  the  French  nav}^,  as  has  been  done  by  some  German  papers.  A 
strike  of  the  coal  carriers  could  be  prevented  in  war,  and  in  case  of 
necessity  night  work  could  be  employed.  Moreover,  in  case  of  war 
the  necessary  lighters  in  private  possession  would  be  made  available, 
which  was  probably  not  done  for  these  exercises  because  of  the  cost. 

These  fitting-out  exercises  are,  therefore,  not  to  be  regarded  as  under 
war  conditions,  as  they  were  only  intended  from  the  first  to  test  the 

dockyard's  own  facilities,  which,  from  the  experiments  made,  suffice 
the  fleet  for  times  of  peace,  except  in  the  matter  of  mechanical  appli- 

ances for  loading  the  lighters  and  delivering  the  coal. 
Although  three  mines  detonated  in  the  entrance  during  a  heavy 

thunder  storm,  no  damage  resulted. 

TACTICAL   EXERCISES. 

On  July  17  the  practice  fleet  left  Toulon  and  proceeded  with  exer- 
cises in  evolution  until  the  20th,  when  it  anchored  in  the  roads  of  Salin 

d'Hyeres.  The  cruiser  division  carried  out  scouting  exercises  and 
searched  the  coast,  in  accordance  with  the  directions  long  since  issued 

lor  the  scouting  service.  The  torpedo  boats  exercised  under  the  lead- 

ership of  the  torpedo-boat  destroyer  Foudre,  and  made  attacks  by  day 
against  the  fleet.  Foudre  also  practiced  with  the  captive  balloon. 
This,  with  the  detachment  of  aeronauts,  was  taken  on  hoard  at  Toulon 

on  the  21st.  While  in  the  anchorage  the  Meet  took  on  a  supply  of 
drinking  water,  which  was  brought  to  it  in  lighters  from  Toulon.  The 
torpedo  boats  and   the  Foud/re  sailed    from  Toulon   for  A  jaceio  on  the 

22d  of  July,  and  the  squadron  resumed  the  exercises  of  the  previous 
week,  to  which  were  added  sham  battles  and  night  attacks  by  the  tor- 

pedo boats.      Such  an  attack  was  made  on  the  night  of  the  24th  against 

the  fleet  anchoring  in  the  roads  of  St.  Trope/.     The  battleships  were 
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lying  next  to  land,  farther  out  the  cruisers  in  three  lines,  the  outer 
one  of  which,  with  its  searchlights  shining  in  a  fixed  direction,  formed 
a  barrier  of  light  inside  of  which  the  torpedo  boats  ran  to  and  fro.  The 

torpedo-boat  attacks  were  unavailing.  Practice  with  wireless  telegra- 
phy was  zealously  carried  on.  In  the  battle  exercises  there  were 

worked  out  the  tactical  schemes  which  had  been  considered  by  the 
board  on  tactics,  of  which  Admiral  Gervais  is  president.  It  was  chiefly 
an  effort  to  prove  the  relative  merits  of  the  simple  line  ahead  and  the 

double  echolons/'  in  which  the  second  line  covers  the  gaps  of  the  first. 
The  commander  in  chief  led  the  fleet  of  battleships  with  his  flagship  at 
the  head  of  the  second  .squadron,  the  cruisers  representing  the  enemy. 
The  two  fleets  moved  off  from  each  other  in  line  abreast,  the  battle- 

ships of  the  squadron  in  double  line  abreast,  the  second  squadron 
opposite  the  spaces  of  the  first.  The  cruisers  turned  to  the  left  and 
the  battleships  to  the  right  and  continued  in  parallel  course. 

(See  Plate  III.6)  In  the  running  fight  which  then  took  place  so  much 
steam  and  smoke  was  produced  that  for  three-quarters  of  an  hour  no 
aim  could  be  taken  at  the  enemy  and  it  was  impossible  to  carry  on  the 
movements  by  signals.  When  it  finally  became  clear,  the  cruisers 
were  seen  to  turn  to  the  left,  whereupon  Admiral  Gervais  surrounded 
the  hostile  line  with  his  two  squadrons,  brought  the  end  ships  under 
double  fire,  and  sent  out  his  torpedo  boats  on  attacks.  All  reports 

praise  the  skillful  maneuver  of  the  commander  in  chief,  who  unexpect- 
edly attacked  the  hostile  line  from  two  sides. 

On  July  23  firing  exercises  were  held  under  war  condition  and  with 

"ship  cleared  for  action,"  the  commanders  directing  their  ships  from 
the  conning  tower  and  making  special  tests  of  the  arrangements  for 

the  transmission  of  orders.  The  northern  squadron  fired  against  land- 
marks, the  battleships  against  a  low-lying  battery  on  the  lie  de  Levant 

(Hyeres),  and  the  coast-defense  vessels  against  an  old  battery  occupy- 
ing an  elevated  position  on  the  same  island.  The  battleships  of  the 

Mediterranean  Squadron  fired  at  moving  targets,  which  represented 
the  outline  of  battleships  and  armored  cruisers,  but  on  a  very  small 

scale.  The  armored  cruisers  of  both  squadrons,  united  under  Rear- 
Admiral  Gourdon,  fired  at  a  similar  target,  employing  the  Fournier 
tactics  in  so  doing  (steaming  in  a  circle). 

One  group  of  cruisers  tried  firing  indirectly  at  land  targets  which 
were  concealed  by  intervening  islands:  another  represented  the 
defenses  against  torpedo  boats,  which  were  in  turn  represented  by 

«  A  double  echelon  formation  proposed  by  Captain  von  Latin's,  of  the  Austrian 
navy.     "Die  Flottenfuhrung  im  Krieg  auf  Grand  dee  Doppelstaffelsysten  Mitt- 
ler,  1900. 

&The  battle  sketch  is  taken  from  the  report  of  the  "Moniteur de  la  tlotte."  That 
the  second  squadron  should  have  first  made  a  turn  of  16  points  and  then  of  about  B 

points  more,  as  shown  in  the  sketch  of  the  "Moniteur.'*  is  very  improbable. 
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moving"  targets,  while  a  third  fired  at  a  signal  station  on  land.  The 
targets  for  the  torpedo-boat  destroyers  were  rocks,  which  likewise 
represented  torpedo  boats,  while  the  torpedo  boats  fired  at  towed 
targets. 

The  results  of  the  firing  are  said  to  have  been  very  good,  especially 
considering  the  smallness  of  the  targets  and  the  comparatively  rough 

seawa}^. 
The  speed  of  the  fleet  during  evolutions  was  fixed  at  8  knots  for 

battleships,  13  for  cruisers,  and  15  for  torpedo  boats.  According  to 
one  report,  the  speed  of  the  battleship  squadron  increased  to  12  knots 
during  the  fighting  exercises  in  order  to  surround  the  cruisers. 

The  under  way  and  anchor  formations  of  the  fleet  seem  to  have  been 
line  abreast  with  the  squadrons  in  line  ahead,  whereby  the  third  and 
fourth  squadrons  were  composed  of  cruisers  with  Bouvet  as  flagship. 

The  close  of  the  exercises  consisted  in  a  display  of  the  practice  fleet 
in  parade,  evolutions,  a  sham  battle  of  the  two  squadrons  (North  and 

Mediterranean)  against  the  cruisers  representing  the  enemy,  maneu- 
vers in  double  line  ahead  as  compared  with  single,  and  a  torpedo 

attack  by  night  against  a  fleet  in  motion.  The  last  failed  on  account 
of  the  moonlight. 

LESSONS   OF   THE   MANEUVERS. 

It  would  require  great  circumspection  to  attempt  to  deduce  from 
the  French  maneuvers  precepts  of  a  general  nature  for  naval  warfare, 

and  form  conclusions  relative  to  the  militaiy  efficienc}^  of  the  French 
navy.  The  foregoing  recital  of  the  course  of  the  exercises  is  based 
entirely  upon  the  reports  published  in  French  professional  and  daily 
papers,  and  is  therefore  not  to  be  regarded  as  unquestionably  correct. 
Only  the  statements  relative  to  the  leading  thoughts  of  the  first  part 
of  the  strategical  maneuvers  are  probably  approximately  correct. 
The  fundamental  theme  of  the  exercises  was  published  some  time  before 
the  beginning  of  the  maneuvers,  and  fully  discussed  in  the  papers. 

It  would  be  superfluous  here  to  go  further  into  the  much-discussed 
question  as  to  whether  B  and  C  represented  the  German  and  Italian  or 
the  English  Channel  and  Mediterranean  squadrons.  That  Squadron 

A  was  to  represent  the  French  Mediterranean  and  Division  A1  the 
North  Squadron  will  be  questioned  by  no  one,  or  that  the  fundamental 
thought  of  the  exercises  set  forth  a  possible  and  even  ;i  probable  w:ir 

situation,  and  that  the  task  imposed  upon  Squadron  A,  namely,  to  pre- 
vent the  meeting  of  Squadrons  B  and  C,  must  under  such  a  situation 

fall  to  the  French  Mediterranean  Squadron. 

The  transmission  of  messages  was  quite  in  accordance  with  the  con- 
ditions of  war.  A  did  not  receive  news  of  the  cut  ranee  of  B  into  the 

Mediterranean  from   Palma,  Majorca,  until    noon  of  the  same  day:  C 
first  learned  of  the  place  of  rendezvous  with  B  on  the  morning  of  (he 
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following  day,  and  B  and  C  were  not  informed  of  the  whereabouts  of 

A  and  A1.  On  the  other  hand,  A  learned  of  the  place  of  meeting  of  B 
and  C  through  an  intercepted  message  by  wireless  telegraphy. 

In  war  just  such  uncertainties,  delayed  information,  and  inter- 
cepted messages  must  be  reckoned  with. 

Considering  the  expanse  of  sea  room,  the  number  of  scouting  ships 
was  too  small  on  both  sides.  .  That  Squadron  B  was  able  to  turn  back 
unobserved  on  the  evening  of  Jury  5  can  also  be  attributed  to  the  lack 
of  cruisers,  unless  scarcity  of  coal  had  something  to  do  with  it.  On 
the  part  of  B  the  cruisers  paid  no  attention  to  the  first  principal  of 
scouting  service,  namely,  to  serve  as  the  eye  and  the  protection  of  the 
nucleus  of  the  fleet.  The  conduct  of  the  Du  Chayla  in  leading  the 
Hostile  scouts  under  the  guns  of  her  own  main  body  forms  a  laudable 
exception. 
The  importance  and  at  the  same  time  the  difficulty  of  reliable 

scouting  was  again  shown. 

The  strategic  value  of  speed  was  not  properly  emphasized  in  the 
maneuvers.  This  was  due  to  the  fact  that  the  originally  faster  French 
side  was  prevented  by  a  lame  ship  from  utilizing  her  superior  speed. 
The  Brennus  was  taken  from  the  reserve  and  placed  in  commission 
shortly  before  the  maneuvers,  and  manned  with  a  personnel  that  was 
deficient  both  in  number  and  in  training,  so  that  she  became  a  drag 
upon  her  squadron.  This  can  also  happen  in  war.  and,  together 

with-  results  of  the  battle  of  Ajaccio,  further  discussed  below,  teaches 
a  noteworthy  lesson,  indeed  the  most  important  of  the  whole  maneu- 

vers, namely:  Full  preparedness  for  battle  of  a  battle  fleet  can  only 
be  attained  by  constantly  keeping  battleships  in  commission,  and  the 

entering  of  ships  with  insufficiently  trained  personnel  will  be  a  disad- 
vantage to  the  fleet. 

The  measures  taken  by  Squadron  A  in  the  blockade  of  Ajaccio  did 

not  suffice  to  insure  the  main  body  against  surprise,  even  if  the  tor- 
pedo attacks  by  B  were  successfully  repelled.  An  inner  line  taking 

in  the  whole  width  of  the  bay,  with  ships  cruising  in  between  the 
outer  main  body,  would  probably  have  been  more  suitable  after  the 
coast  had  been  cleared  of  torpedo  boats. 

Of  the  tactical  maneuvers  the  naval  battle  of  Ajaccio  claims  the 

greatest  share  of  interest,  as  here  both  squadrons  had  full  freedom  of 
movement.  Both  were  line  ahead  and  the  battle  fell  to  the  better 

managed,  maneuvering  as  a  whole,  although  it  was  the  weaker  and 
slower.  The  battle  of  the  two  squadrons  and  their  cruisers  in  line 
ahead  on  opposite  courses  was  broken  off  when  the  faster  changed  to 
lighting  in  a  circle.  To  what  extent  the  squadrons  had  freedom  of 
movement  in  this  and  in  the  later  exercises  under  the  commander  in 

chief,  described  above,  is  not  clear. 
It  is  also,  for  that  reason,  difficult   to  decide  whether  the  double 
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formation  was  shown  to  be  superior  to  the  single.  In  one  of  these 
exercises  the  smoke  and  steam  clinging  to  the  double  line  made  all 

movement  impossible  for  three-fourths  of  an  hour,  and  prevented  any 
opportunity  for  the  artillery,  as  the  ships  opposite  the  spaces  could  not 
fire.  The  outcome  of  the  battle  of  Ajaccio  shows  how  even  a  single 
line  ahead  of  six  ships  can,  through  a  misunderstood  or  incorrectly 
executed  signal,  become  a  helpless  mass,  and  this  incident  should  lead 
to  caution  in  the  use  of  the  double  formation  in  battle. 

From  the  battle  and  battle  exercises  it  is  distinctly  seen  that  constant 

training  in  union  and  a  simple,  accurately  operating  system  of  signal- 
ing are  the  fundamental  conditions  for  the  use  of  squadrons  in  battle, 

and  that  a  well-trained  squadron  which  is  under  the  control  of  its 
leader  will  have  the  advantage  from  the  outset  under  circumstances 
otherwise  equal. 

Some  comment  on  the  rules  of  the  maneuvers  should  be  made  here. 

Each  ship  had  received  a  number,  which  represented  its  military  value, 
and  there  were  rules  for  the  decision  of  battles  and  the  reduction  of 

the  military  value.  The  opinion  is  held  that  this  arrangement  is  too 

mechanical,  which  was  in  fact  shown  b}7  the  judge  deciding  contrary 
to  the  rules  relative  to  the  battle  of  Ajaccio.  The  number  represent- 

ing the  military  value  did  not  show  what  share  was  given  to  offensive 
and  defensive  power  and  to  speed  in  determining  it,  which  was  of  the 
very  highest  importance  in  tactical  maneuvers.  Serious  questions  arise 
relative  to  the  numbers  assigned  to  separate  armored  ships,  which  can 

not  be  more  fully  discussed  here.  The  conditions  for  successful  tor- 
pedo fire  appear  too  difficult.  The  fact  that  the  torpedo  attacks  were 

all  unsuccessful  may  perhaps  be  due  to  this.  It  should  moreover  be 

stated  that  attacks  were  also  attempted  in  broad  day,  without  an}7  cov- 
ering, which  is  no  way  suited  to  the  character  of  the  weapon.  That 

torpedo  boats  and  destrojrei\s  are  not  suitable  for  scouting  ships  is  no 
new  discovery. 

The  two  submarine  attacks  took  place  by  day  and  against  ships  at 
rest;  the  torpedo  struck  and  the  boat  was  not  discovered  in  advance, 
in  spite  of  the  fact  that  in  one  case  it  was  known  that  the  attack  was 
imminent.  That  would  seem  to  show  that  under  especially  favorable 
conditions  the  submarine  has  chances  of  success.  That  its  field  of 

vision  in  the  submerged  state  is  very  limited  is  shown  by  the  fact  that 
the  (Justave  Zede,  after  its  successful  shot  against  the  Jaureguiberry^ 
emerged  exactly  in  front  of  her  bow,  so  that  it  was  only  by  a  skillful 
maneuver  on  the  part  of  the  battleships  that  she  escaped  being  run 
down. 

The  wireless  telegraph  was  diligently  used,  but  with  no  satisfactory 
results,  the  chief  difficulty  being  that  the  apparatus  was  sensitive  to 
all  messages.  Thus,  the  I  ton  rims  took  up  the  message  of  an  English 
cruiser  OU  the  way  from  Cadiz.     Communications  were  understood  up 
to  a  distance  of  70  kilometers. 
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The  captive  balloon  was  not  used  in  the  actual  maneuvers.  An 

investigation  of  the  works  by  the  armored  cruisers,  which  in  this  con- 
nection also  placed  distance  buoys  for  the  battleships,  preceded  the 

attack  upon  Algiers.  The  bombardment  of  Ajaccio  took  place  after 

previously  clearing  the  coast  of  torpedo  boats,  a  certain  portion  being 
assigned  to  each  of  several  groups  of  ships.  Both  bombardments  were 
executed  in  motion  and  were  successful;  the  works,  however,  are  said 

not  to  have  been  at  full  efficiency. 

Of  the  steam  colliers  only  the  Japon,  equipped  with  the  Temperley 

apparatus,  was  used  during  the  maneuvers  for  coaling  the  ships  off  the 

Algerian  coast;  the  two  belonging  to  the  North  Squadron  were  emptied 

at  Tangier.  According  to  other  reports,  they  were  used  in  coaling 

exercises  at  sea  in  the  passage  of  the  North  Squadron  on  its  way  to 

the  scene  of  the  maneuvers.  In  regard  to  the  conclusions  to  be-  drawn 
relative  to  the  preparedness  of  the  French  navy  for  war,  there  should 

especially  be  pointed  out  the  good  condition  of  the  material,  which 

was  equal  to  the  demands  made,  particularly  the  engines  and  boilers, 

and  the  good  training  of  the  personnel  of  the  ships  constantly  in  com- 
mission. Whether  the  inferior  execution  of  the  Brennus  was  due  to 

the  untrained  personnel  and  not  to  her  having  been  in  the  reserve  can 

not  be  determined.  Only  one  case  of  accidents  to  the  engines  occurred, 

although  various  leakages  are  said  to  have  appeared  in  the  boilers.  In 

spite  of  the  oppressive  heat  at  times,  and  the  forced  steaming,  the 

engine  personnel,  with  the  exception  of  the  two  ships  newly  placed  in 

commission,  showed  itself  fully  equal  to  its  task,  and  was  especially 
commended  by  the  commander  in  chief  in  his  farewell  general  order. 

In  this  connection  it  should  be  noted  that  the  speed  of  the  battleships 

did  not  in  general  exceed  13  knots,  and  that  this  maximum  speed  was 

used  only  during  the  strategic  maneuvers,  and  that  even  here  it  was 

not  uninterrupted. 

The  evolutions  of  the  fleet  show  a  decided  improvement  over  those 

of  the  previous  year.  There  was  but  one  collision,  which  occurred 

between  two  torpedo  boats  during  a  night  attack.  The  average  speed 

of  the  fleet  was  only  a  moderate  one — 8  knots  for  battleships,  13  knot-> 
for  cruisers,  and  15  knots  for  torpedo  vessels.  The  distance  between 

ships  was  400  meters  and  between  squadrons  600  meters. 

Of  the  squadrons,  A  was  the  only  approximately  homogeneous  one, 
although  the  Brennus  was  not  of  the  same  type  as  the  three  other 
battleships. 

The  scouting  service  was  not  managed  according"  to  a  uniform  sys- 

tern  and  failed  utterly  in  part,      Cruisers  wen1  needed  everywhere. 
The  moderatelv  high  sea  way  on  the  run  from  Mers-el-Kebir  to 

Ajaccio  was  sufficient  to  influence  the  speed  o\'  the  squadron,  which 
fell  to  12  knots.  Bouvet,  St.  Louis,  Charlemagne,  and  Gt (>//,>;.<<  main- 

tained this  easily,  and  could  use  all  their  guns:    Charles  Mart  J  and 
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Jaureguiberry  were  not  quite  up  to  the  mark,  and  the  armored  coast- 
defense  vessels  Bouvines  and  Amtral  Trehouart  would  have  had  diffi- 

culty in  using  their  guns.  The  cruisers  behaved  well.  The  torpedo 

dispatch  boats  Lahire  and  Hallebarde  and  the  torpedo-boat  destroy- 
ers could  not  maintain  12  knots,  and  the  torpedo  boats  had  to  struggle 

hard.  The  decision  of  the  French  professional  papers  seems  to  be 
that  only  armored  and  large  cruisers  should  belong  to  battleship 
squadrons,  and  that  the  smaller  vessels  are  only  a  burden  and  impede 
the  movements.  According  to  all  reports,  the  torpedo  boats  and 
mobile  defenses  failed  to  fulfill  the  expectations  placed  in  them.  They 
were  manned  by  too  old  officers,  in  whom  caution  outweighed  energy, 

and  who,  moreover,  were  too  much  subdued  by  the  very  severe  con- 
sequences in  case  of  injuries.  The  tactics  were  shown  to  be  deficient 

and  in  need  of  improvement. 
The  success  of  the  Gustave  Zede  was  acknowledged,  but  it  was  also 

cited  as  an  objection  that  her  limited  radius  of  action  rendered  impos- 
sible an}^  independent  performance  without  the  escort  of  a  steamship, 

which  in  war  would  alwa}Ts  betray  her. 
The  firing  of  the  fleet  was  good,  the  targets  corresponding  to  the 

class  of  ship  chosen;  the  exercise  well  planned,  executed  under  war 
conditions.  The  guns  and  their  appliances  worked  f  aultlessty  with  the 
exception  of  the  37  mm.  machine  guns,  where  many  cases  of  difficulty 

in  loading  (Ladehemmung)  occurred.  The  firing  was  done  with  serv- 
ice ammunition.     Brennus  sustained  an  injury  to  the  forward  turret. 

The  wireless  telegraphy  left  much  to  be  desired.  The  North  Squad- 
ron succeeded  better  than  the  Mediterranean,  and  the  Massena  and 

Dupuy  de  Lome  did  the  best.  Fourteen  ships  were  equipped  with 
apparatus. 

The  coast  guard  and  communication  services  were  satisfactory. 
The  mobilization  at  Toulon  showed  that  all  preparations  had  been 

appropriately  made. 

The  attack  upon  Ajaccio  showed  the  necessit}^  for  stronger  defenses 
for  this  wide  bay  if  it  is  to  serve  as  the  point  of  support  for  a  fleet. 
A  fort  should  be  established  on  the  Sanguinaircs  and  a  battery  on 
Sette  Nave. 

The  same  holds  true  for  Algiers  and  Mers-cl-Kebir.  The  strategic 
importance  of  this  point  was  especially  brought  out  by  the  strategic 
maneuvers.  The  mobile  defenses  were  not  sufficient;  a  cruiser  divi- 

sion must  there  find  her  point  of  support  for  the,  surveillance  of  the 
straits. 

The  experiments  in  coaling  will  lead  to  more  suitable  arrangements 
for  coaling  on  board  warships  and  at  dockyards. 

CONCLUSION. 

If  one  collects  everything  into  a  final  statement,  the  decision  would 
be  that  tin;  maneuvers  were   planned  with  a  view  to  the  conditions  of 
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war,  were  scientifically  carried  out,  and  reflect  all  honor  upon  the 

commander-in-chief.  They  furnished  an  excellent  school  for  the  com- 
manders of  the  squadrons  and  ships,  and  for  the  officers,  inspiring 

thorn,  as  this  time  they  had  access  to  the  plans,  and  offered  the  crews 
an  opportunity  to  show  their  training  and  endurance.  The  tactical 
exercises  brought  new  truths  to  light  and  showed  that  the  training  of 
the  two  squadrons  in  evolutions  was  equal.  No  accidents  worthy  of 
mention  occurred,  and  the  material  met  the  demands  made  upon  it. 

All  reports  praise  the  inspiring  zeal  of  the  commander  in  chief. 
His  efficiency  and  that  of  the  practice  fleet  received  high  recognition 
from  the  minister  of  marine  and  the  President  of  the  Republic  in  the 
bestowal  of  the  grand  cross  of  the  Legion  of  Honor. 

In  publishing  the  ideas  underlying  the  strategic  maneuvers  a  French 

paper  states  as  follows:  "Our  nayy  is  entering  upon  a  new  era,  of 
which  the  watchword  is  'Attack!'  The  time  is  past  when  the  only 
thought  will  be  to  creep  into  the  harbors  at  the  outbreak  of  war  and 

allow  ourselves  to  be  blockaded  there." 
From  this  point  of  view  the  French  maneuvers  of  this  year  are  espe- 

cially noteworthy. 



Section  III. 

OPERATIONS   OF   FRENCH    SUBMARINES. 

Considerable  interest  attaches  itself  to  the  various  exercises  in 

attacks  which  have  been  practiced  during  the  year  by  French  sub- 
marine boats. 

The  French  are  the  principal  exponents  of  this  type  of  naval  ele- 

ment and  have  devoted  great  attention  to  it,  having  by  far  the  great- 
est number  of  submarine  boats,  and  in  consequence  greater  experience. 

France  relies  upon  this  t}rpe  of  craft  as  a  strong  element  of  coast  or 
harbor  defense,  and  Avhile  the  result  of  the  attack  of  the  Gusta/oe 

ZeoZe  may  appear  to  furnish  sufficient  ground  to  justify  the  faith  held 

in  the  submarine,  nothing  but  practical  experience  in  war  can  defi- 
nitely decide  its  absolute  value- 

England,  Germany,  and  Russia  are  developing  the  submarine,  but 

v.ery  little  information  is  obtainable  concerning  the  progress  in  the 
two  last-named  countries* 

At  Cherbourg  the  submarines  Morse  and  Algerien  and  the  submersi- 

ble Sirene  attacked  the  turret  ship  Bouvines  while  the  latter  was  rid- 
ing to  a  buoy  in  the  harbor.  The  boats  left  the  harbor  under  water 

and  the  Bouvines  was  t6  repel  their  attacks  by  gun  fire  as  they  rose  to 

the  surface  to  fire  their  torpedoes.  The  Algerien  was  put  out  of 

action.  The  other  two  boats  fired  their  torpedoes,  fitted  with  exercise 
heads,  before  they  were  observed  on  board  the  Bouvines. 

Similar  experiments  were  made  by  the  JVarval,  Morse,  and  Francois 

against  the  torpedo  gunboat  Cassmu  as  the  latter,  forewarned,  was 

entering  the  port.  ThoOassini  was  hit  by  torpedoes  from  all  three  of 

the  boats.  The  Fran$0l8,  however,  remained  so  long  above  water 

before  discharging  her  torpedo  it  was  adjudged  that  in  actual  combat 
she  would  have  been  destroyed. 

The  Amiral  Trehouart  was  likewise  successfully  attacked  as  she  was 

entering  i  lie  harbor. 

On  January  7,  l!)<)^7  there  was  a  general  attacking  drill  witli  the 

Morse,  Frangou,  Ndrval^  Espadon,  and  Triton  against  the  Boumnes, 
Amiral  Trehouart,  and  Cassini. 

The  first  two  guarded  the  west  entrance  to  Cherbourg,  the  other 
three  the  east  entrance,  with  the  Fr<m voois  north  of  the  breakwater. 
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The Bouvines  and  Cassini  entered  from  the  westward.  The  Bouvines 

was  hit  by  the  Morse  at  100  meters,  but  the  Cassini  escaped  the 
NarvaL  on  account  of  her  speed.  She  was,  however,  hit  by  the 
JFrcmpois. 

The  Amired  Trehouart  destroyed  the  Triton  by  gun  fire,  but  was 
later  hit  by  the  Espadon.  The  Triton  had  been  obliged  to  rise  to 
avoid  a  fishing  boat,  and  thus  exposed  herself  to  the  fire  of  the  Amiral 
Trehouart. 

The  French  papers  la}'  great  stress  on  the  fact  that  these  drills  took 
place  during  the  stormy  winter  season  and  therefore  speaks  much  for 
the  seaworthiness  of  the  boats. 

Their  tactics  seem  to  be  attacks  against  ships  lying  still  in  the  water, 
or  to  wait  for  ships  moving  in  narrow  passages. 

Perhaps  the  most  interesting  attack  was  that  of  the  Gustave  Zede 
off  Ajaccio  during  the  naval  maneuvers  of  1901. 

The  Zede  left  Toulon  for  Ajaccio  in  tow  of  a  Government  tug.  Upon 
nearing  Ajaccio  the  tug  was  dismissed,  the  Zede  lying  on  the  surface 
of  the  water  to  wait  for  the  enemy.  Upon  two  cruisers  leaving  their 
anchorage  the  Zede  sank,  but  later  rose  to  the  surface,  and  seeing  the 
battleships  still  at  anchor,  and  having  in  the  meantime  approached  the 
battleships,  took  bearings  for  an  attack.  When  the  battleships  began 

to  move  the  Zed<:  again  sank,  and  as  the  Charles  Martel  passed  over 
the  submarine  a  torpedo  was  fired  into  the  M<ni<  1 .  In  rising,  after 
having  successfully  attacked  the  Martel,  the  Zede  whs  nearly  run  down 
by  the  Jduregutberry, 

Accounts  vary  as  to  Ajaccio  being  considered  an  impregnable  port, 

and  consequently  of  ships  at  anchor  there  being  relieved  of  the  neces- 
sity of  a  lookout  for  such  attacks. 

It  is  intimated  that  the  commander  in  chief  of  the  maneuvers  indi- 

rectly warned  the  squadron  of  the  possibility  of  an  attack  by  the 
Zede.  The  presence  of  the  Zede  seems  to  have  been  unsuspected  until 
she  discharged  her  torpedo. 

The  submarine  left  under  her  own  power  for  Toulon,  arriving  there 
in  safety  at  an  average  speed  of  8  knots. 

This  attack  seems  to  have  been  made  from  below  the  surface.  All 

the  reports  of  previous  attacks  speak  of  the  boats  rising  to  the  sur- 
face to  discharge  their  torpedoes.  This  would  indicate  the  slight 

value  of  the  periscope. 

GERMANY. 

GERMAN    NAVAL    MAN  El  VERS,    1901. 

The  German  naval  maneuvers  for  1901  consisted  principally  of  tac* 
tical  and  scouting  exerciser,  including  no  large  strategic  scheme. 

Little  authentic  information  has  been  published  concerning  the 
maneuvers. 
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The  tactical  exercises  were  carried  out  under  full  speed,  and  as  a 
course  of  instruction,  were  very  valuable  to  those  engaged  in  them. 

RUSSIA. 

RUSSIAN    NAVAL   MANEUVERS. 

The  Russian  maneuvers,  from  a  naval  point  of  view,  contained  little 
of  importance. 
The  strategical  assumption  in  the  case  under  consideration  was  to 

the  effect  that  the  national  squadron  had  suffered  defeat  and  that  over- 
sea operations  by  the  enemy  had  become  possible. 
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Section  IV. 

BRITISH  MANEUVERS  OF  1900. 

The  Adrniralt}T  account  of  the  naval  maneuvers  of  1900,  having 
been  published  for  the  first  time,  is  given  herewith  as  being  supple- 

mentary to  the  account  of  the  maneuvers  appearing  in  the  annual  of 
last  year. 

[Admiralty  narrative.] 

PRELIMINARY  ORDERS  AND  INSTRUCTIONS. 

General  Orders  and  Instructions. 

A  partial  mobilization  of  the  fleet  for  maneuvers  will  take  place  this 
year.  The  vessels  mobilized  will  be  attached  to  the  Channel  and 
Reserve  squadrons.  They  will  assemble  as  soon  as  ready,  under  the 
orders  of  the  flag  officers  in  command,  at  Portland  and  Torbav. 
respectively,  and  will  be  formed  into  two  fleets,  to  be  known  as  Fleet 
A  and  Fleet  B,  respectively. 

At  the  time  appointed  the  main  fleets  will  proceed  to  sea  for  the 
usual  preliminary  cruise,  during  which  the  ships  will  be  exercised  and 
anchored  at  the  discretion  of  the  admiral  in  command. 

Two  flotillas,  composed  of  cruisers,  torpedo  gunboats,  and  destroy- 
ers, will  be  attached  to  B  Fleet. 

The  vessels  belonging  to  these  two  flotillas  will  assemble  at  Torbav. 
and  will  be  organized  thus: 

Severn,  2  torpedo  gunboats,  Devonport  division  of  destroyer^. 

Brilliant,  5  torpedo  gunboats,  Portsmouth  and  Chatham  divi- 
sions of  destroyers. 

They  will  then  proceed  as  follows: 
Severn  and  flotilla  to  Lamlash; 
Brilliant  and  flotilla  to  Milf ord  Haven ; 

where  they  will  be  exercised  and  will  coal,  care  being  taken  that  all 
are  complete  with  coal  before  the  commencement  of  hostilities. 

Two  flotillas,  composed  of  cruisers,  torpedo  gunboats,  and  torpedo 
boats,  will  be  attached  to  A  Fleet. 

434 
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The  vessels  belonging  to  these  two  flotillas  will  assemble  at  Devon- 
port,  and  will  be  organized  thus: 

Pactolus,  Perseus,  Pioneer,  Hecla,  5  torpedo  gunboats,  Portsmouth 
and  Chatham  divisions  of  torpedo  boats. 

Mersey,  Prometheus,  2  torpedo  gunboats,  Devonport  division  of 
torpedo  boats. 

They  will  then  proceed  as  follows: 
Pactolus  and  flotilla  to  Berehaven; 
Mersey  and  flotilla  to  Lough  Swilly; 

where  they  will  be  exercised  and  will  coal,  care  being  taken  that  all 
are  complete  with  coal  before  the  commencement  of  hostilities. 

An}^  portion  of  the  Berehaven  flotilla  can  be  sent  thence  to  Queens- 
town,  provided  that  it  arrives  there  and  is  completed  with  coal  before 
the  commencement  of  hostilities. 

At  the  termination  of  the  preliminary  cruise  the  ships  forming 
Fleet  A  will  be  formed  into  three  divisions,  and  those  forming  Fleet  B 
into  two  divisions.  They  will  then  be  detached  to  the  following  base 

ports: 
Al  to  Berehaven. 

A2  to  Lough  Swilly. 
A3  to  a  rendezvous. 
B\  to  Pembroke. 
B2  to  Lamlash. 

The  order  to  commence  hostilities  will  be  sent  on  the  day  on  which 
the  ships  arrive  at  their  base  ports. 

The  period  of  active  operations  will  last  ten  days.  On  the  conclu- 
sion of  the  maneuvers,  the  ships  and  vessels  will  proceed  to  carry  out 

target  practice,  separately  in  the  case  of  the  mobilized  ships,  ample 
time  being  allowed  for  the  careful  performance  of  the  practice;  in  the 
case  of  others,  separately  or  in  company,  at  the  discretion  of  the 
admiral  in  command. 

Only  one-half  of  a  quarter's  allowance  of  ammunition  is  to  be 
expended  from  the  heavy,  light,  quick-firing,  and  machine  guns  of  the 
mobilized  -hips. 

A  full  quarter's  allowance  of  ammunition  may  be  tired  from  destroy 
ers  and  torpedo  boats  if  considered  desirable  by  the  officer  command- 

ing the  flotillas. 

Only  such  na\  al  stores  as  are  necessary  to  keep  destroyers  and  tor 
pedo  boats  efficient  during  the  maneuvers  are  to  be  embarked  in  the 
depot    ressels  Hecla,  Mersey,  Severn,   IlriUiant  during  the  mobilize 
tion.    No  ordnance  or  torpedo  depot  stoics  will  be  required, 

A  copy  of  the  ship's  and  signal  log  of  every  vessel  taking  pari  in 
the  maneuvers,  commencing  twelve  hours  before  and  ending  twelve 
hours  after  the  active  operations,  is  to  be  sent  to  the  Admiralty  with 
the  report  of  the  admiral  in  chief  command  of  each  fleet 
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List  of  vessels  taking  part  in  the  maneuvers. 

Majestic. 

Repulse. 
Dreadnought. 
Sultan. 

Jupiter. 
Resolution. 

Edinburgh. 

Conqueror. 

Magnificent. 

Prince  George. 
Hannibal. 

Mars. 

Diadem. 

Blake. 

Edgar. 
Gibraltar. 

Immortality. 

Gladiator. 
Talbot. 

Furious. 

Naiad. 

Sirius. 

Apollo. 
Retribution. 
Phoebe. 

Fleet  A. 

Al. 

A2. 

A3. 

CRUISERS. 

Flotillas. 

Pactolus, 
Perseus, 

Pioneer, 

Spanker, 
Sheldrake, 

Seagull, 

Skipjack, 
Jason, 

Hecla. 
Mersey, 

Prometheus, 

Speedwell, 

Sharpshooter. 

42,  49, 

50,  59, 

66,  71, 

76,  77, 
81,  82, 

83,  84, 

63,  64, 

68,  74, 

51,  52, 

53,  55, 

57,  58, 

85,  86. 

Alexandra. 

Colossus. Rodney. 

Howe. 

Collingvood. 

Camperdown. 
Hero. 
Thunderer. 

Superb. 

Sangpareil. 
Nile. 

Trafalgar. 
Benbov. 

Ariadne. 

Blenheim. 

Han:  fee. 
St.  George. 

Galatea. 

Vindirtiir. 
Miru  rva. 

Cambrian. 
Rainbow. 

Melampus. 
Andromache. 

Medea. 

Medusa. 

Fleet  B. 

Bl. 

B2. 

CRUISERS. 

Flotillas. 

Brilliant, Alarm, 

Renard, Leda, 

Circe, 

Jaseur. 

S     rn, And  lope. 

Gleaner. 

Fawn,  Flirt,  Flying  Fish,  Kestrel, 

Spiteful,    Star,    Sylvia,    Violet 
(Portsmouth  division);    An- 

gler, Arid,  Arm).  Biff, 
ful,     Cynthia.     Mallard,     and 

Mermaid      (Chatham      divi- sion). 

Leopard,  Leven,  Locust,  Panther, 

Seal,  shark.    Thrasher,    R 

(Devonport  division). 
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INSTRUCTIONS  TO  THE  VICE-ADMIRAL  OF  FLEET  A. 

At  the  termination  of  the  preliminary  cruise  the  ships  forming  Fleet 
A  are  to  be  formed  into  three  divisions  and  are  to  be  detached  in  time 

to  arrive,  using  ordinary  speed,  on  Monday,  July  23,  between  6  a.  m. 
and  noon,  as  follows: 

Al  at  Berehavea. 

A2  at  Lough  Swiliy. 
No  vessel,  except  those  belonging  to  the  flotillas,  is  to  arrive  before 

J5  a.  m. 
The  cruisers  are  to  be  allotted  to  the  three  divisions  as  the  vice- 

admiral  considers  advisable,  but  no  division  should  have  less  than  two. 
The  officer  in  command  of  each  division  is  to  report  by  telegraph  to 

the  Admiralt3T,  without  any  delay,  his  arrival  at  the  port  named,  and 
is  at  the  same  time  to  name  any  ship  which  has  not  arrived,  the  reasons 
for  its  absence,  and  its  movements. 

A3  is  to  be  detached  in  time  to  cross  the  forty -fifth  parallel,  steam- 
ing at  8  knots,  by  midnight  on  July  23,  and  with  orders  to  proceed  to  a 

rendezvous  in  latitude  44°  north,  longitude  14°  west,  and  on  arrival 
at  the  rendezvous  the  senior  officer  is  to  open  his  sealed  orders. 
Before  A3  is  detached  the  movements  of  that  squadron  after  leaving 

the  rendezvous  are  to  be  arranged  by  the  vice-admiral. 
On  receipt  of  the  telegram  ordering  the  commencement  of  hostilities, 

which  may  be  expected  on  July  23,  endeavor  is  to  be  made  to  obtain 
the  command  of  the  sea  from  the  enemy. 

The  hour  when  the  reinforcement  from  the  Mediterranean  may  be 
assumed  to  pass  Gibraltar  will  be  communicated  by  telegraph. 

A  copy  of  the  instructions  issued  to  the  rear-admiral  in  command  of 
B  fleet  is  attached. 

INSTRUCTIONS  TO  THE  KEAR-ADMIRAL  IN  COMMAND  OF  B  FLEET. 

At  the  termination  of  the  preliminary  cruise  the  ships  forming  B 
fleet  arc  to  be  formed  into  two  divisions  and  are  to  be  detached  in  time 

to  arrive  at  ordinary  speed  on  Monday,  Jul}7  23,  between  6  a.  m.  and 
noon,  as  follows: 

Bl  at  Pembroke. 
H !  at  Lamlash. 

No  vessel,  except  those  belonging  to  the  flotillas,  is  to  arrive  before 
(')  a.  in. 

The  cruisers  are  to  be  allotted  to  the  divisions  as  the  rear-admiral 
considers  advisable,  but  no  division  should  have  less  than  two. 

The  officer  in  command  of  each  division  is  to  report  by  telegraph  to 
the  Admiralty,  without  any  delay,  his  arrival  at  the  port  named,  and 
is  at  the  same  time  to  name  any  ship  which   has   not  arrived,  the  rea- 

sons for  it  absence,  and  its  movements. 

On  receipt  of  the  telegram  ordering  the  commencement  of  hostili 
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ties,  which  may  be  expected  on  Jul}T  23,  endeavor  is  to  be  made  to 
obtain  the  command  of  the  sea  from  the  enemy. 

The  hour  when  the  reinforcements  for  A  may  be  assumed  to  pass 
Gibraltar  will  be  communicated  by  telegraph. 

A  cop3r  of  the  instructions  issued  to  the  vice-admiral  of  A  fleet  is* attached.  m 
SEALED  ORDERS  FOR  THE  SENIOR  OFFICER  OF  A3. 

You  will  remain  on  or  about  the  rendezvous  in 

Latitude  44°  north, 

Longitude  14°  west, 
until  1  a.  m.  on  July  28,  when  }tou  will  proceed  as  arranged  by  the 
vice-admiral. 

INSTRUCTIONS  RELATIVE  TO  UMPIRING. 

The  following  officers  have  been  nominated  to  act  as  umpires:  Vice- 
Admiral  Sir  Compton  Domville,  K.  C.  B.,  Rear- Admiral  C.  C.  Pen- 

rose Fitzgerald,  Rear- Admiral  A.  D.  Fanshawe. 
Lieut.  Gen.  J.  F.  Owen,R.  A.,  has  been  nominated  by  the  war  office 

to  act  as  military  umpire  to  decide,  jointly  with  the  naval  umpires, 
claims  arising  between  the  land  defenses  and  the  ships. 

They  will  meet  at  the  Admiralty,  Whitehall,  where  all  claims  and 
statements  for  their  consideration  should  be  sent,  addressed  to  the 

"Secretary  of  the  Umpires."  Claims,  etc.,  are  to  be  sent  in  as  soon 
as  possible  after  the  events  to  which  they  refer,  on  a  form  as  shown 

below.  They  should  be  accompanied  by  extracts  from  the  ship's  log 
or  signal  log,  by  track  charts  when  necessary,  or  by  other  documen- 

tary evidence  likely  to  assist  the  umpires  in  arriving  at  a  decision. 
Claims,  etc.,  sent  by  telegraph  must  be  followed  by  the  same  claim, 
etc.,  on  the  proper  form,  sent  by  the  first  post. 

Claim  from. a 

Name  of  ves- 
sel. By  whom 

claimed. 
Nature  of 
claim. Date. Greenwich 

mean  time. 
Place. 

Remarks. 

"Here  insert  the  "  fleet"  from  which  the  claim  is  sent. 

The  decisions  of  the  umpires  are  final. 

Umpires  will  not  make  known  their  reasons  for  arriving  at  a  deci- 
sion. 

No  reference  will  be  made  by  them  to  the  Admiralty  before  arriv- 
ing at  a  decision. 

The  decisions  of  the  umpires  will  be  communicated  to  the  Admiralty 
as  soon  as  possible  after  they  have  been  arrived  at.  in  order  that  rf 
desirable  they  may  be  made  known  to  the  senior  officer  on  each  side. 
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Should  the  Admiralty  desire  to  communicate  with  the  fleets  during 

the  progress  of  "hostilities,"  and  their  instructions  be  conveyed  by  a 
ship  attached  to  either  of  the  opposing  forces,  or  by  any  other  ship, 

such  a  ship  is  to  display  the  signal  "AKH." 
It  will  thus  be  known  that  she  is  acting  under  Admiralty  orders,  or 

is  about  to  deliver  dispatches  or  telegrams,  or  to  signal  orders  received 
from  the  Admiralty,  and  the  respective  admirals  and  senior  officers 

are  to  take  the  necessary  steps  to  insure  that  the  orders  so  communi- 
cated are  forwarded  and  acted  on  without  delay. 

If  the  commanding  officer  of  one  vessel  sights  another  flying  the 

signal  A  K  H  he  is  at  once  to  close  her  so  as  to  place  himself  at  a  con- 
venient distance  for  communicating  by  signal,  should  it  be  necessary. 

OBJECT  OF  THE  MANEUVERS. 

The  principal  object  of  the  maneuvers  is  to  obtain  information  rela- 
tive to  the  working  of  a  fleet  which  is  composed  of  vessels  of  all  classes, 

and  is  fighting  for  the  command  of  the  sea. 
The  most  suitable  distance  at  which  to  establish  a  temporary  base 

for  a  squadron  watching  a  hostile  fortified  fort  is  a  subsidiary  question. 
The  power  which  cruisers  may  or  may  not  possess  of  hunting  down 

and  driving  torpedo  craft  into  port  is  another  important  point. 

GENERAL  IDEA  OF  THE  MANEUVERS. 

A  fleet  (B)  is  divided  into  two  squadrons: 
B\  at  Milford. 
B2  at  Lamlash. 

A  hostile  fleet  (A),  inferior  in  battleships  to  (B),  is  also  divided  into 
two  squadrons: 

Al  at  Berehaven. 

A2  at  Lough  Swilly. 

A  hostile  reinforcement  (A3)  which  will  make  Al  +  A2  +  A3  nearly 

equal  to  B\-\-B2  in  battleships,  is  expected  from  the  Mediterranean. 
The  whole  of  Ireland  is  hostile  territory,  and  belongs  to  (A).     The 

whole  of  Great  Britain,  from  Cape  Wrath  to  the  Lands  End,  the  Isle 
of  Man,  and  the  Scilly  Islands  belong  to  (/?). 

The  fleet  (B)  has  destroyers. 

The  hostile  fleet  (A)  has  torpedo  boats,  supported  by  fast  small  craft. 
The  following  ports  are  fortified   and  will  be  placed   in  a  state  of 

defense: 
In  Great  Britain:  Milford  Haven. 
In  Ireland:  Berehaven. 

Queenstown. 
Lough  Swilly. 

All  other  ports,  including  Lamlash,  arc  unfortified. 

Each  fl<'ct  will  trv  to  obtain  command  of  the  sea,  that  is  to  say,  will 
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endeavor  to  defeat  the  other,  to  shut  him  up  in  his  ports,  and  espe- 
cially to  clear  the  sea  of  his  torpedo  craft. 

RULES  AND  REGULATIONS  TO  BE  OBSERVED  DURING  THE  MANEUVERS. 

The  maneuver  field  is  bounded — on  the  west  by  the  twentieth  me- 
ridian; on  the  north  by  the  sixtieth  parallel;  on  the  east  by  the  fifth 

meridian  as  far  as  Cape  Wrath,  by  the  west  coast  of  Great  Britain, 

and  by  the  meridian  of  the  Lizard  Head  from  that  point  to  the  south- 
ward; on  the  south  by  the  forty-fifth  parallel. 

The  signal  stations  marked  on  the  special  chart"  issued  with  the 
instructions  for  the  distribution  of  intelligence  will  alone  supply  infor- 

mation during-  the  maneuvers. 
As  soon  as  the  whole  of  the  ships  and  vessels  composing  the  two 

fleets,  together  with  the  destroyers  and  torpedo  boats,  have  arrived  in 
port,  a  telegram  will  be  sent  from  the  admiralty  naming  the  hour 
when  hostilities  are  to  commence. 

No  vessel  of  any  class  is  to  put  to  sea  before  the  hour  named  for 
the  commencement  of  hostilities. 

Battleships  are  to  complete  with  coal  on  arrival  at  their  base  ports 
before  again  putting  to  sea. 

All  battleships  are  to  be  considered  equal  in  fighting  power  to 
Majestic. 

No  rules  setting  forth  the  conditions  under  which  ships  will  be  put 
out  of  action  will  be  issued.  Each  case  must  be  decided  by  the 
umpires  on  its  merits  on  the  basis  of  what  would  be  probable  in  war. 
When  two  or  more  ships  come  into  action  the  commencement  of  the 

engagement  is  to  be  marked  by  the  firing  of  a  gun  by  one  of  the  ship 

engaged.  During  the  engagement  single  guns  are  to  be  fired  at  five- 
minute  intervals  by  one  ship  on  each  side. 
When  either  side  considers  that  he  has  beaten  the  other,  he  should 

signal  "Propose  reference  to  umpires."  If  the  other  agrees  to  the 
reference  the  action  is  to  cease.  If  the  other  does  not  agree  the  action 

may  continue,  but  not  for  more  than  a  reasonable  time,  which  is  to  be 
determined  by  the  senior  officer  present.  A  reasonable  time  under 
ordinary  conditions  would  be  one  hour  in  the  case  of  battleships, 
cruisers,  and  torpedo  gunboats,  and  half  an  hour  in  that  of  destroyers 
and  torpedo  boats. 

When  reference  to  the  umpires  has  been  settled,  the  senior  officer 
present  is  to  determine  what  ships  on  either  side  are  to  proceed  into 
port  to  await  their  decision,  pending  which  the  ships  detached  are  to 
be  considered  out  of  action.  The  senior  officer  present  must  take  care 
to  select  as  far  as  possible  equally  from  both  sides. 

If  a  ship  is  undoubtedly  torpedoed,  or  manifestly  overpowered  by  a 

much  superior  force,  the  senior  officer  present  may  take  the  responsi- 

«Not  reproduced. 
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bility  of  temporarily  putting  such  ship  out  of  action  and  ordering  her 
into  port  for  the  decision  of  the  umpires.  In  this  case  it  will  not  be 
obligatory  to  order  into  port  a  ship  from  the  opposite  side. 

Ships  put  out  of  action  can  take  no  further  part  in  the  maneuvers, 

but  must  return  to  one  of  their  base  ports — Milford,  Lamlash,  Bere- 
haven, or  Lough  Swilly — flying  the  Blue  Peter  at  the  fore.  They  are 

to  select  a  route  as  far  as  possible  clear  of  the  scene  of  operations,  and 
are  strictly  enjoined  not  to  communicate  any  information  to  the  ships 
on  either  side  which  they  may  meet  on  the  way. 

Colliers,  after  reaching  Milford,  Lamlash,  Lough  Swilly,  Berehaven, 
or  Queenstown,  are  open  to  capture;  the  captors  can  use  the  coal  in 
them. 

Colliers  are  not  to  be  interfered  with  after  the}"  have  discharged 
their  cargoes. 

Signal  stations  are  not  open  to  attack  by  landing  parties. 

As  the  18-inch  torpedo  can  not  be  fired  at  a  ship  in  a  peace  exercise, 
a  destroyer  is  to  fire  a  blue  light  by  night  or  blow  her  whistle  by  day 
at  the  moment  when  the  torpedo  would  be  discharged,  the  tube  being 
trained  and  all  adjustments  made  as  if  actually  firing. 

Torpedoes  fitted  with  collapsible  heads  ma}r  be  fired  at  battleships 
and  cruisers,  but  not  at  torpedo  gunboats,  destroyers,  or  torpedo  boats. 

Torpedo  boats  are  not  to  paint  out  their  numbers. 
As  it  is  assumed  that  the  command  of  the  sea  is  disputed,  care  should 

be  taken  not  to  expose  vessels  needlessly  to  fire  from  forts. 

NARRATIVE  OF  EVENTS. 

The  torpedo  boats  were  commissioned  at  their  respective  ports  on 
July  3,  where  they  carried  out  some  preliminary  exercises,  and  left 
in  time  to  arrive  at  Devonport  on  July  14,  and  from  there  the  flotillas 

were  dispatched  to  Berehaven  and  Lough  Swilly,  respectively.  A 
part  of  the  Berehaven  division  was  detached  to  Queenstown  on  July  19, 
so  that  on  the  outbreak  of  hostilities  the  flotilla  was  equally  divided 
between  Lough  Swilly,  Berehaven,  and  Queenstown. 

The  destroyers  assembled  at  Torbay  on  the  14th,  and  the  divisions 
left  for  Lamlash  and  Milford,  respectively,  on  July  16. 

The  Meets  left  their  ports  of  assembly  on  Monday,  July  16,  for  the 
preliminary  cruise,  and  soon  after  the  appointed  time,  namely,  6  a.  in. 

on  Monday,  July  %\,  Al,  A2,  and  B2  had  anchored  at  their  base  ports 
and  immediately  commenced  to  coal.     Bl  did  not  anchor  in  Milford 
Haven  until  about  8  p.  m.,  having  been  prevented  from  entering  the 
harbor  in  ;i  dense  log. 

At  to  p.  in.,  Monday,  July  v?>,  the  Admiralty  telegraphed  that  boa 
tilities  were   to  eomnience  at    2  a.  in.  on   July  24,  and  erase  at    2  a.   in. 

on  August  3. 
All  the  battleship  divisions  put  to  sea  soon  after  2  a.  m.  on  the  24th. 
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except  B\,  which  did  not  leave  Milford  until  11  a.  m.  on  the  24th. 

The  admiral  at  Milford  did  not  receive  the  complete  telegram  announc- 
ing the  commencement  of  hostilities  until  6  a.  in. ;  this,  however,  did 

not  affect  the  departure  of  the  battleships,  as  they  had  not  completed 
coaling  until  8  p.  m. 

At  7  a.  m.  on  Wednesday,  July  25,  the  Admiralty  telegraphed  to 
inform  the  admirals  in  command  of  A  and  B  Fleets  that  A3  passed 
Gibraltar  at  5  a.  m.  on  the  25th,  at  a  speed  of  10  knots. 

Al  and  A2,  with  the  exception  of  the  Edinburgh  and  Conqueror,  which 

were  left  at  Lough  Swilly,  met  off  Blacksod  Ba}T  on  the  evening  of 
Tuesday,  the  24th. 

B\  and  B2  had  also  arranged  to  meet  off  the  west  coast  of  Ireland, 
passing  through  a  series  of  rendezvous  well  clear  of  the  Irish  coast. 

They  met  at  2  o'clock  on  Wednesda}T  afternoon,  the  25th,  in  latitude 
52°  9'  north,  longitude  11°  28'  west.  B\  engaged  some  of  A's  cruisers 
early  on  Wednesday  morning.  From  the  track  chart a  it  will  be  seen 
that  at  midnight  on  the  24th  i?2,  going  south,  passed  Al  and  A2,  going 
north,  at  a  distance  of  about  3  miles.  Neither  fleet,  however,  knew  of 

the  other's  proximity.     There  was  a  fog  at  the  time. 
Al  and  A2,  after  combining,  proceeded  to  Lough  Swilly  with  the 

intention  of  attacking  the  enemy's  ports,  etc.,  in  the  north,  but  infor- 
mation having  been  received  that  B\  had  been  seen  off  Malin  Head 

and  that  B2  had  rounded  Brow  Head,  it  was  decided  to  meet  the  reen- 
forcement  (A3)  before  undertaking  offensive  operations.  It  also  seemed 
probable  that  A3,  which  had  been  directed  to  come  north  along  the 
fifteenth  meridian,  would  be  in  danger  of  B  Fleet  in  its  full  strength. 
Orders  were  therefore  sent  to  A3  to  come  north  on  the  twentieth 

meridian  (the  extreme  western  boundary  of  the  maneuver  field),  and 

Al  and  A2  proceeded  to  this  meridian  and  went  south  to  meet  the  reen- 
forcement.  This  junction  was  effected  at  2  p.  m.  on  Sunday,  the  29th, 

in  latitude  47°  50'  north  and  longitude  19°  40'  west.  A  Fleet  then 
made  for  the  south  of  Ireland  and  arrived  off  Queenstown  at  9  a.  m. 

on  August  1,  where  the}^  were  joined  by  the  southern  flotilla  of  tor- 
pedo boats  and  several  cruisers.  A  Fleet  then  steered  for  the  St. 

Georges  Channel,  but  the  weather  proved  too  bad  for  the  flotilla, 
which  was,  therefore,  ordered  to  Waterford.  It  was  also  found  neces 
sary  to  send  the  Edinburgh  and  Conqueror  into  Queenstown.  as  they 
could  not  keep  up  with  the  remainder  in  the  heavy  weather.  The 
combined  B  Fleet  was  sighted  at  10.20  a.  m.  on  Thursday,  the  2d,  and 
A,  being  now  reduced  to  10  battleships,  decided  to  turn  to  the  southwest, 

and  at  the  same  time  ordered  the  Dreadnought  to  proceed  to  Queens- 
town. The  remainder  of  A  Fleet  (now  reduced  to  !>  ships)  proceeded 

at  13  knots  until  about  2  p.  m.,  when,  finding  they  were  not  dropping 

»See  chart  at  end  of  report. 
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B  Fleet,  the  Sultan  was  ordered  to  proceed  to  Berehaven  and  the  rest 
increased  speed  to  14  knots. 
B  Fleet  having  combined,  steered  to  the  westward  for  a  distance  of 

140  miles,  in  order  to  be  in  a  position  to  intercept  A3  on  its  way  north, 

the  admiral  being-  under  the  impression  that  A3  had  started  from  her 
rendezvous  on  the  outbreak  of  hostilities.  The  fleet,  after  steaming 
west  for  140  miles,  turned  back  again,  and  at  2.40  p.  m.  on  the  26th, 
the  news  of  A3  having  passed  Gibraltar  was  received  from  a  cruiser. 

B  Fleet,  at  8  p.  m. ,  steered  to  the  northward,  and  after  having  ascer- 

tained that  none  of  the  enemy's  battleships  were  in  Lough  Swilly, 
proceeded  through  the  North  Channel  into  the  Irish  Sea  and  remained 
there  waiting  for  information  of  the  enemy.  Shortly  before  noon  on 
August  1,  when  off  Port  Patrick,  news  was  received  that  A  Fleet  had 
been  sighted  on  Tuesday  afternoon  (31st)  60  miles  south  of  Cork.  B 
Fleet  at  once  started  south  and  sighted  A  Fleet  in  the  St.  Georges 
Channel  about  10.20  a.  m.  on  Thursday,  August  2,  and  gave  chase 
which  was  continued  until  3  p.  m.  when,  finding  that  there  was  no 
chance  of  bring  A  to  action,  B  turned  and  steered  for  Milford,  where 
the  battleships  arrived  about  11  p.  m.,  August  2. 

Hostilities  ceased  at  2  a.  m.  on  the  3d. 

An  action  was  fought  between  five  A  cruisers  and  four  B  cruisers, 

which  resulted  in  one  of  A's  second-class  cruisers  being  sunk,  and  a 
first-class  cruiser  on  each  side  being  put  out  of  action. 

It  was  intended  to  reserve  the  torpedo  boats  until  the  latter  part  of 
the  period  of  hostilities,  when  it  was  hoped  few  of  the  destroyers 
would  be  in  action;  as  it  turned  out,  the  weather  during  the  last  two 
days  was  too  bad  to  make  any  use  of  them. 

SUMMARY  OF  SHU'S  AND  TORPEDO  CRAFT  PUT  OUT  OF  ACTION. 

Belonging  to  A  Fleet. 

Gibraltar,  cruiser  first  class. 
Naiad,  cruiser  second  class. 

Speedwell,  torpedo  gunboat. 
Seagull,  torpedo  gunboat. 
Lea  Beatrix,  distilling  ship. 

Belonging  to  B  Fleet. 

Hawke,  cruiser  first  class. 
Leda,  torpedo  gunboat. 
Alarm,  torpedo  gunboat. 
Re  1 1  a  id,  torpedo  gunboat. 

Spiteful,  destroyer. 
Kestrel,  destroyer. 

Thrasher,  destroyer. 
Locust,  destroyer. 
Wolf,  destroyer. 
Cheerful,  destroyer. 

umpires'  report. 

(  Iommittbe  Room,  Adhib  m.ty, 
August  18,  1900. 

We  have  the  honor  \<>  submit  our  report  on  the  naval  maneuvers  of  L900. 
I.  The  object  of  the  maneuvers,  given  in  the  printed  paper  supplied  to  as,  is: 

(a)  To  obtain  information  relative  to  the  working  of  a  1 1 * -* - 1  which  is  composed  <>f 
is  of  all  cias-.-,  and  i-  fighting  for  1 1 1  *  -  command  of  the  sea. 

(h)  The  most  suitable  distance  at  which  to  establish  a  temporary  base  for  a  squad- 
ron watching  a  hostile  port. 
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(c)  The  power  which  cruisers  may  or  may  not  possess  of  hunting  down  and  driv- 
ing torpedo  craft  into  port. 

With  regard  to  (a)  not  much  information  was  obtained.  We  think  that  a  really 
powerful  fleet  of  battleships  must  be  homogeneous  in  speed  and  coal  supply,  and 
that  any  vessel  of  inferior  speed  and  deficient  in  the  latter  quality  must  seriously 
hamper  the  fleet.  Neither  A  nor  B  Fleet  obtained  the  command  of  the  sea,  though 
B,  by  reason  of  numerical  superiority,  was  able  on  the  last  day  of  the  maneuvers  to 

put  A  to  flight;  still  A's  Fleet  was  uninjured,  and  his  cruisers  and  torpedo  flotilla 
intact.  On  the  other  hand,  many  of  B's  battleships  would  have  had  to  coal  during 
the  next  forty-eight  hours,  the  flagship  and  two  others  having  to  coal  at  once, 

whereas  the  majority  of  A's  ships  were  so  much  better  off  in  this  respect  that  they 
could  have  remained  at  sea  for  many  days.  We  think  that  the  commander  of  A  Fleet 
took  unnecessary  trouble  to  avoid  B  Fleet  in  his  efforts  to  form  a  junction  with  A3; 
his  efforts  in  this  direction  caused  loss  of  valuable  time,  when  the  maneuvers  are  so 
short,  and  a  considerable  expenditure  of  coal;  moreover,  we  think  that  A3  was  well 
able  to  take  care  of  itself,  as  its  superiority  in  speed  would  have  enabled  it  to  escape, 
even  if  it  had  fallen  in  with  the  whole  of  B  Fleet,  and  had  it  met  with  B  Fleet,  spread 
for  the  purpose  of  intercepting  it,  there  is  every  probability  that  it  might  have 

inflicted  considerable  damage  on  a  portion  of  B  Fleet  before  the  latter  could  concen- 
trate and  cause  A3  to  retreat.  It  is  not  clear  to  us  why  B2  Fleet  was  sent  round  the 

north  and  west  of  Ireland  to  join  hands  with  Bl,  as  it  must  run  a  risk  of  meeting  a 
superior  fleet,  it  being  certain  that  Al  and  A2  could  only  combine,  without  engaging 
a  superior  force,  by  meeting  on  the  west  coast  of  Ireland.  As  a  matter  of  fact,  B2 
passed  within  a  few  miles  of  Al  and  A2  on  the  night  of  July  24,  but  were  fortunately 
not  seen. 

The  cruisers  on  both  sides  were  well  worked  in  groups  of  about  equal  speed,  and 

gave  some  good  results  both  in  shadowing  the  opposing  fleets,  obtaining  useful  infor- 
mation, and  suppressing  the  destroyers. 

The  torpedo  boats  were  not  employed,  being  kept  in  harbor  by  Vice- Admiral  Sir 
H.  Rawson  for  a  final  attack  on  B  Fleet,  which  was  not  delivered,  owing  to  bad 
weather  on  the  last  day  of  the  maneuvers.  The  destroyers  were  very  active,  but 
appeared  to  think  they  had  an  immunity  from  gun  fire,  even  in  fine  bright  weather 
and  at  reasonable  distances,  which  resulted  in  a  good  many  captures,  and  would  be 
quite  inadmissible  in  actual  warfare. 

(b)  It  does  not  appear  that  any  information  was  obtained  as  to  the  most  suitable 
distance  at  which  to  establish  a  temporary  base  for  a  squadron  watching  a  hostile 
fortified  port. 

(c)  The  maneuvers  have  shown  that  cruisers  have  a  very  considerable  power  in 

hunting  down  hostile  torpedo  craft,  the  third-class  cruisers  being  particularly  suc- 

cessful in  this  respect.  This  success  was  a  great  deal  due  to  the  destn  ►yers'  own  initia- 
tive in  getting  too  close  to  ships  with  long-range  guns,  when  they  had  it  in  their 

power  to  get  away;  but  we  think  that  they  should  be  supported  by  cruisers. 
II.  We  would  beg  to  submit  that  in  future  maneuvers  the  date  for  the  conclusion 

of  them  should  be  unknown  to  the  admirals,  as  the  fixing  of  a  date  naturally  cane 
the  admirals  in  command  to  run  their  coal  down  to  the  very  lowest  limit  consistent 
with  safety,  and  causes  them  to  adopt  a  course  of  strategy  which  might  compel  them 
to  lose  command  of  the  sea  at  a  critical  time. 

We  further  submit  that  a  telegraphic  claim  should  be  sent  by  both  sides  as  soon 
as  possible  after  an  engagement  has  taken  place,  giving  following  particulars: 

1.  Place. 

2.  Date  and  G.  M.  T. 
3.  Range. 
4.  Time  under  fire. 
5.  State  of  sea  and  weather. 

<».    Position  and  formation  of  opposing  squadron  or  vessel. 
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This  would  assist  the  umpires  in  deciding  each  case  quickly,  prevent  ships  being 

detained  in  port  for  a  length  of  time  pending  decision  of  the  umpires,  and  thus  the 

balance  of  power  would  not  be  upset  by  a  number  of  ships  being  temporarily  out  of 
action.     Written  reports  might  be  forwarded  at  the  end  of  the  maneuvers. 

III.  It  appears  that  in  several  cases  delay  has  been  caused  in  the  entry  of  friendly 

ships  into  their  own  fortified  ports.  This  is  the  first  time  this  scheme  has  been 
tried.     The  arrangement  seems  complicated  and  could  be  simplified  with  advantage. 

IV.  The  information  communicated  by  the  signal  stations  to  Rear- Admiral  Sir  G. 
Xoel  seems  to  have  been  very  unsatisfactory  and  conflicting. 

We  have,  etc., 
Compton  Domvile,  Vice- Admiral. 

C.  C.  P.  Fitzgerald,  Rear-Admiral. 
Arthur  D.  Fanshawe,  Rear-Admiral. 

0.  J.  Dormer,  Commander,  Secretary. 
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VII. 

NOTES  ON  NAVAL  BUDGETS  OF  1902-3. 

By  Lieutenant  Louis  M.  Nulton,  United  States  Navy, 

Staff  Intelligence  Officer. 

ENGLAND. 

The  following  items  are  taken  from  the  estimates  for  1902-3: 

EFFECTIVE   SERVICES. 

Wages,  etc.,  of  officers,  seamen,  and  boys,  coast  guard  and  royal  marines.  £6,  079,  545 

Victualing  and  clothing  for  the  navy    2,  512,  706 
.Medical  establishments  and  services    269, 410 

Martial  law    17,  892 

Educational  services    133,  023 

Scientific  services    86,  092 

Royal  naval  reserves    287, 077 

Shipbuilding,  repairs,  maintenance,  etc.: 
Section  I.  Personnel    2,  674,  415 

Section  II.  Materiel    5,  017,  700 

Section  III.  Contract  work    7,  738, 150 

Naval  armaments    3,  420, 175 

Works,  building,  and  repairs  at  home  and  abroad    1, 128, 000 

.Miscellaneous  effective  services    381,  663 

Admiralty  office    303,  300 

Total  effective  services     30,049,  148 

The  following  notes  and  extracts  are  from  the  statement  by  the  First 
Lord  of  the  Admiralty  in  explanation  of  the  budget: 

ADMINISTRATION. 

The  Admiralty  has  been  expanding  concurrently  with  the  general  expansion  of  the 

navy,  and  it  is  one  of  the  most  important  duties  of  the  hoard  to  supervise  this  expansion 
and  to  see  that  it  takes  place  on  sound  lines.     The  dangers  to  be  guarded  against  are 

•  centralization,  imperfect  devolution  of  responsibility  for  details  on  subordi- 
nate officers,  and  the  consequent  overburdening  of  the  higher  officials  who  ought  to 

.<•  their  strength    for  the  main  direction  of  administration,  the  consideration  "I 

principles,  and  improvements  iii  the  service  Most  Important  of  all,  tin-  develop- 
ment of  the  peace  administration  must  be  on  such  lines  as  make  for  efficient  war 

administration.  Tin-  hoard  arc  keenly  alive  to  the  Importance  <>i  tin-  aspect  <>i  the 
question. 

Considerable  changes  have  taken  place,  ■  "  are  in  contemplation,  in  connection 
1300    02        29  m 
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with  the  controller's  department.  The  general  object  which  the  board  have  had  in 
view  has  been,  as  far  as  possible,  to  relieve  the  controller  of  all  work  not  directly 

connected  with  the  construction,  reconstruction,  and  repair  of  ships,  or  the  manage- 
ment of  dockyards,  and  similarly  to  relieve  the  director  of  naval  construction  of  all 

work  not  directly  connected  with  the  designing  of  ships  and  the  superintendence  of 

their  construction  in  accordance  with  the  designs.  The  authority  of  admirals  super- 
intendent of  dockyards  has  been  increased  and  their  power  enlarged,  with  the  object 

of  diminishing  the  number  of  references  to  the  Admiralty. 
PERSONNEL. 

It  does  not  appear  to  be  fully  understood  by  the  service  or  the  public  generally 
that  by  the  constitution  of  the  board  of  admiralty  the  sole  responsibility  for  promo- 

tions rests  with  the  first  lord,  who,  however,  in  the  performance  of  the  difficult  and 

invidious  but  most  necessary  task  of  selection  is  accustomed  to  consult  his  naval  col- 
leagues and  to  discuss  freely  with  them  the  comparative  merits  of  the  different  offi- 

cers eligible  for  promotion.  I  mention  this  because  the  average  age  of  captains  on 

promotion  to  the  rank  of  rear-admiral  has  considerably  increased  of  late  years,  and 
I  consider  that  the  absence  from  the  flag  list  of  a  due  proportion  of  younger  officers 

is  a  matter  of  serious  moment,  and  because  I  recognize  that  I  am  specially  responsi- 
ble for  devising  a  remedy  for  the  future. 

Much  attention  has  for  some  time  past  been  paid  by  writers  on  naval  matters  to 
the  question  of  the  education  of  the  officers  of  the  navy.  I  am  glad  that  this  is  so, 
because,  important  as  the  materiel  of  the  navy  is,  the  personnel  is  much  more 
important.  Thoroughly  efficient  officers  and  men  will  always  make  the  best  of  any 
materiel  intrusted  to  them.  No  ships,  however  excellent,  will  effect  anything  in 
the  hands  of  an  inefficient  personnel.  The  criticism  leveled  at  the  present  system 
of  training  officers  in  general  is  that  it  is  not  based  on  one  continuous  systematic 
plan,  but  is  the  result  of  a  series  of  independent  decisions;  in  particular  it  falls  under 

two  heads — that  the  officers  are  not  sufficiently  at  sea,  and  that  the  subjects  of  the 
courses  at  Greenwich  are  not  well  chosen  or  arranged.  As  regards  the  general  criti- 

cism, it  is  of  course  true  that  the  present  system  of  education  is,  like  everything  else 

in  the  navy,  a  gradual  growth  of  time,  and  not  a  scheme  of  one  man  or  of  one  com- 
mittee; but  I  do  not  admit  that  it  is  not  coherent.  Proficiency  in  foreign  languages 

certainly  requires  further  encouragement,  but  at  a  period  when  lieutenants  are  con- 
stantly employed  it  is  difficult  to  provide  opportunities  for  study  abroad  after  a 

young  naval  officer  has  once  entered  the  service.  Officers  who  have  qualified  have 
been  and  are  being  appointed  as  interpreters  and  receive  extra  pay  as  such. 

Last  year  an  advanced  course  in  naval  history,  strategy,  tactics,  and  international 
law  was  commenced  at  Greenwich  for  the  senior  officers  of  the  fleet.  If  the  minds 

of  naval  officers  are  as  a  result  turned  to  a  more  constant  and  thorough  study  of 
naval  problems  it  will  have  fulfilled  the  main  object  the  board  had  in  view  in  its 
foundation. 

The  numbers  voted  for  the  current  year  were  118,625  active  service  ratings.  It  is 
expected  that  the  establishment  will  have  been  reached  by  the  end  of  the  financial 
year  as  recruiting  has  been  good.  The  numbers  proposed  for  next  year  are  122,500. 
The  increases  will  consist  of  the  following  ranks  and  ratings: 

Officers    266 
Warrant  officers    14:} 
Seamen    1 ,  500 
Artisans  and  electricians    260 

Engine-room  artificers    150 
Stokers    1, 000 
Miscellaneous    400 

Boys  (shipwrights  and  coopers)    1  (>(> 

Total    ;> 
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The  personnel  of  the  fleet  is  to  be  as  follows: 

Flag  officers    16 
Commissioned  officers    4,  048 
Subordinate  officers    764 
Warrant  officers    1, 641 

Petty  officers  and  seamen    78, 522 
Boys  (service)        3,  700 

88,  691 
Coast  Guard,  officers,  and  men    4,  200 

Marines  (afloat  and  "  ashore  " )  officers  and  men    19,  589 

Total  for  sea  service    112, 480 
Total  for  other  services    10,  020 

Total  personnel    122,  500 

THE   ROYAL   MARINES. 

The  establishment  of  the  Royal  Marines  was  raised  on  April  1,  1901,  from  18,800 
to  19,800,  to  meet  which  increase  and  to  replace  waste,  3,541  recruits  were  raised. 

The  corps  is  now  within  a  small  number  of  its  new  establishment,  and  notwithstand- 
ing the  continued  waste  caused  by  the  disturbing  elements  in  the  recruiting  for  the 

last  year,  there  is  every  prospect  of  the  full  number  being  reached  by  the  31st  of 
March. 

NAVAL    RESERVES. 

The  increase  of  the  reserves  has  not  kept  pace  with  that  of  the  active-service 
ratings,  and  it  has  been  decided  to  appoint  a  committee  to  consider  how  far  the 

manning  of  the  navy  may  be  supplied  and  the  active-service  ratings  supplemented 
by  naval  reserves. 

The  establishment  of  1,500  officers,  R.  N.  R.,  is  complete,  comprising — 

Lieutenants            482 
Sublieutenants         494 

Midshipmen         524 

Total    1,  500 

There  are  378  qualified  candidates  on  the  list  of  applicants.     The  numbers  now 
undergoing  naval  training  in  H.  M.  ships  are: 

Lieutenant*   
Sublieutenant*. 
Midshipmen  . , . 

Total   

12  months' 

training. 

•JO 

58 

5 

78 

G.  and  T. training. 

■jo 

Two  hundred  and  sixty-one  officers  on  the  active  list  have  already  undergone  thin 
training  and  arc  in  receipt  of  training  fa 

The  establishment  of  engineer  offii  also  complete,  via: 

Senior  engineers    70 
I  Ingineers    17U 

■i ant  engineer!       i  ,  i 

Total    UK) 
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There  are  55  qualified  candidates  on  the  list  of  applicants  for  appointment. 
The  instructional  courses  for  these  officers  continue  to  be  held  three  times  a  year 

for  three  months  each.  The  number  allowed  per  annum  has  been  increased  from 
18  to  54. 

The  following  officers  have  completed,  or  are  now  undergoing,  coura 

Senior  engineers    16 
Engineers   45 
Assistant  engineers    12 

Total    73 

The  number  of  seamen,  R.  N.  R. ,  borne  on  the  31st  of  December,  as  compared  with 

those  voted  for  1901-2  and  former  years,  are: 

Class. 
Voted, 

1901-1902. 

Borne. 

Dec.  31, 1901.    Dec.  31, 1900. Dec.  12, 1899. 

Qualified  seamen,  first  class  (0.  S.)   

Seamen,  second  class  (0.  S.)   

11,700 

11,300 

f             3, 485                  2, 937 

1             7,106                  7,978 

f              4.973                   4,218 

(              5, 063                   5, 996 

2,080 

8,921 

3,406 
7,555 Total   23, 000                 20, 627                 21, 129 

1 21, 962 

The  numbers,  which  had  been  gradually  falling  off,  have  begun  to  increase  since 
August,  1901.  This  increase  may  be  attributed  to  the  new  conditions  of  enrollment 
and  naval  training  referred  to  last  year,  which  came  into  force  the  1st  of  July  last, 
and  which  have  good  promise  of  being  successful  in  increasing  the  popularity  of  the 
service. 

Eight  hundred  and  twenty-seven  R.  X.  R.  men  were  embarked  for  naval  training 
during  the  year,  and  529  were  actually  embarked  at  the  beginning  of  this  year. 

The  number  of  firemen  borne  compare  as  follows: 

December  31,  1901    3, 714 
December  31,  1900    3,530 
December  31,  1899    3,494 

An  alteration  in  the  rules  was  made  in  1901,  whereby  firemen  need  not  serve 

actually  in  sea-going  ships  after  their  first  period  of  five  years'  enrollment.  Many  men 
get  employment  as  firemen  in  river  steamers,  tugs,  factories,  etc.,  who  are  now  able  to 
reenroll  under  the  new  conditions.  The  increase  in  numbers  which  has  recently 
taken  place  is  attributed  to  this,  and  provision  has  been  made  for  3,800  next  year. 

TERMS   OF   REFERENCE   TO    NAVAL   RESERVES   COMMITTEE. 

(1)  How  far  are  the  present  systems  in  force  for  the  provision  of  reserves  satisfac- 
tory or  capable  of  extension,  as  to  officers  of  all  branches,  seamen,  stokers,  marines, 

sick-berth  staff,  and  other  ratings? 
(2)  How  far  can  a  naval  volunteer  movement  be  utilized  to  contribute  toward  the 

manning  requirements  of  the  war  fleet? 
(3)  Is  it  feasible  to  form  some  auxiliary  branch  of  the  Royal  .Marines  which  could 

be  made  available  for  service  on  shore  or  afloat  in  time  of  war*.1 
(4)  To  what  extent  and  in  what  manner  can  colonial  naval  reserves  be  utilized  to 

contribute  toward  the  manning  requirements  of  the  war  fleet,  bearing  in  mind  that 
on  the  outbreak  of  war  the  men  in  reserve  would  be  in  the  colonies,  and  that  as  at 

present  arranged  the  ships  in  reserve  that  they  could  help  to  man  would,  with  some 
few  exceptions,  all  be  in  home  ports? 
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(5)  Are  there  any  other  methods  besides  those  hitherto  mentioned  which  can  be 
recommended  for  the  formations  of  naval  reserves? 

(6)  What  training  would  be  required  for  the  reserves  of  the  different  classes, 
under  what  conditions  should  it  be  given,  what  staff  of  instructors  and  equipment 
material  would  it  entail,  and  how  should  the  cost  be  borne? 

(7)  What  should  be  the  pay  and  allowance  and  conditions  of  service  of  the 
reserves  of  different  classes? 

(8)  How  far  is  the  number  of  active-service  ratings  required  to  man  the  war  fleet 
at  any  given  time  affected  by — 

(a)  The  total  number  of  ships  in  commission  in  peace? 
(b)  The  number  of  ships  in  commission  in  peace  which  would  not  in  the  opinion 

of  the  admiralty  be  of  serious  value  in  time  of  war? 
(9)  Generally,  whether  and  how,  consistently  with  efficiency,  naval  reserves  can 

be  more  fully  utilized  to  supplement  the  active-service  ratings  in  peace  or  in  war? 
(10)  What  would  be  the  cost  of  any  recommendations  made,  and  how  will  that 

cost  compare  with  an  alternative  increase  of  active-service  ratings? 

TRAINING    SHIPS. 

It  has  been  decided  not  to  build  ships  for  the  establishment  of  a  new  training 
squadron.  If  the  board  had  believed  that  service  in  masted  ships  was  essential  for 
the  proper  training  of  the  seamen  of  the  fleet,  a  new  squadron  of  sailing  ships  would 
have  had  to  be  provided,  however  difficult  and  inconvenient.  I  desire  that  there 
should  be  no  ambiguity  on  this  subject,  and  therefore  state  plainly  that  the  board  do 
not  consider  exercise  with  masts  and  yards  to  be  essential  for  the  proper  training  of 
the  officers  or  seamen  of  the  fleet,  and  that  henceforth  it  is  abandoned  as  a  necessary 
part  of  their  education  after  they  have  left  the  training  ships.  The  brigs  are  retained 

for  the  boys  in  connection  with  the  training  ships,  and  the  "  cruiser"  is  used  in  the 
Mediterranean  as  an  adjunct  to  the  training  of  the  seamen,  because  practice  in  masts 
and  yards  is  excellent  both  for  mind  and  body.  This  no  one  doubts;  the  question 

is,  [g  it  an  essential  factor  in  the  sea-training  of  a  modern  naval  officer  or  seaman  in 
order  to  make  him  the  perfect  instrument  of  warfare  which  he  should  be?  It  is  that 
question  which  the  board  answers  in  the  negative,  and  the  occasions  on  which,  in 
their  opinion,  such  training  is  permissible  and  valuable  are  those  on  which  it  does 

not  displace  any  part  of  that  training  which  is  essential  or  conflicts  with  the  exigen- 
of  the  service  in  the  manning  and  commissioning  of  lighting  ships.  If  I  am 

asked  what  is  essential,  1  would  reply  all  sea  knowledge  which  is  necessary  for  the 
management  of  modern  vessels  of  war  and  their  boats  under  all  conditions,  and 
gunnery  and  torpedo  work  in  all  its  blanches.  Further,  I  believe  that  the  training 
of  the  modern  seaman  should  more  and  more  adapt  itself  to  the  peculiar  character- 

istics of  the  ships  he  has  to  man.  As  oars  gave  place  to  sails,  BO  sails  have  yielded  to 
engines  and  timber  to  metal.  The  training  of  the  seaman  should,  therefore,  be 

directed  toward  a  knowledge  of  the  structure  and  machinery  of  a  modern  man-of- 
war,  and  capacity  and  handiness  to  deal  with  and  repair  it.  Gunnery,  however,  is 
the  most  important  of  all,  and  in  gunnery  the  emulation  between  His  Majesty  ships 
is  becoming  very  keen.      But  our  seamen  and  marine  gunners  must   be  able  to  shout 
straight  al  long  as  well  as  at  medium  range;  they  must  be  able  to  hit  their  ti 
with  the  guns  trained  in  any  direction  in  which  they  will  bear;  and,  above  all,  they 

urn -i  never  become  fair-weather  gunners.     Emulation,  therefore,  must  uot  be  allowed 
to  lead  to  a  restricted   Selection  Of  Conditions  and  weather  for  target  practice. 

DUN  RIB1  i  [OS    01     i  iii.    i  i  i  i 

The  distribution  of  the  commissioned  fleet  among  the  various  stations  of  the  globe 
is  a  product  of  time.  The  present  distribution  has  been  gradually  evolved  in  accord- 

ance with  the  i><  the  war  requirements  of  the  Empire,    The  question 
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of  the  future  composition  of  the  Australasian  squadron  will  be  discussed  with  dele- 
gates from  the  Australian  commonwealth  and  New  Zealand  during  the  course  of  this 

year.  The  Pacific  and  South  American  squadrons  are  being  reduced  to  3  cruisers 
and  1  sloop,  and  1  cruiser  and  sloop,  respectively.  At  home  the  cruiser  squadron  is 
now  at  its  complete  strength  in  numbers,  but  during  the  year  its  strength  in  quality 
will  be  augmented  by  the  substitution  of  armored  for  two  of  the  present  protected 
cruisers. 

To  this  and  the  experience  which  will  be  gained  from  its  work,  both  by  the  officers 
and  men,  the  board  attach  great  importance;  it  is  fully  recognized  that  the  work 
which  our  cruisers  will  have  to  perform  in  war  requires  constant  practice  and  study. 
The  maneuvers  in  the  Channel  last  year  significantly  marked  this  fact,  and  the  idea 
of  the  subsequent  exercises  in  the  Mediterranean  lends  itself  to  a  continuance  of  the 

lessons  then  taught.  In  respect  to  the  battleships,  the  policy  of  the  board  is  gradu- 
ally to  change  the  composition  of  the  home,  Channel,  and  Mediterranean  squadrons, 

so  that,  like  the  China  squadron,  they  shall  be  composed  of  homogeneous  classes  of 

battleships.  While  the  recurrent  cruises  of  the  home,  Channel,  and  cruiser  squad- 
rons will  take  place  as  usual,  the  maneuvers  of  this  year  will  not  take  place  in  home 

waters,  but  will  be  carried  out  by  a  combination  for  the  occasion  of  the  Mediter- 
ranean fleet  with  the  Channel  and  cruiser  squadrons. 

FRANCE. 

The  projected  budget  for  1902,  as  submitted  to  the  French  Cham- 
ber, amounted  to  312,097,951  francs  ($60,234,904),  an  apparent  reduc- 
tion of  15,594,579  francs  over  that  of  last  year,  but  as  the  defense  of 

the  coast  and  the  colonies  has  been  transferred,  with  its  budget  of 
27  million  of  francs,  to  the  ministry  of  war,  there  is  in  reality  an 
increase  of  about  1 1.5  millions  of  francs  in  the  estimates. 

The  amount  estimated  for  shipbuilding  in  1902  was  121,750,000 
francs,  of  which  90^  millions  of  francs  was  intended  for  new  ships. 

The  ships  building  and  proposed  in  1902  are  as  follows: 

To  be  completed. 

Govern- 
ment. Contract. 

Battleships   
Armored  cruisers   

Cruisers,  first  class   

Destroyers   
Submarines   

Torpedo  boats,  first  class. 

6 

1 

3 
10 

2 

To  be  continued. 

Govern- 
ment. 

■21 

5 

18 
1 

Contract. 

18 

Total. 

4 

14 

1 
28 
26 

27 

Pro- 

gramme, 

1902. 

2 

13 

16 

Four  battleships  were  to  have  been  laid  down  in  1902,  as  given 
above,  but  of  these,  three,  A12,  A13,  and  All,  have  been  struck  from 
the  list  by  the  budget  committee.  They  are  inserted  in  the  budget  as 
a  matter  of  form.  Only  one  of  the  four  will  be  commenced  this  year, 
but  the  material  for  the  other  three  will  be  bought  this  year,  so  they 

can  be  commenced  next  year.a 

«  On  Mar.  8,  by  a  vote  of  the  Chamber,  the  ships  struck  from  the  list  by  the  com- 
mittee, were  reinserted. 

On  July  10,  it  is  reported  that  the  new  French  Minister  of  Marine,  M.  Pelletan, 
has  countermanded  the  order  for  three  large  battleships  given  by  his  predecessor. 
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Thirteen  submarines  are  to  be  placed  on  order,  with  the  understand- 
ing that  they  shall  not  be  commenced  until  next  year.  The  definite 

programme,  then,  for  1902  is  1  battleship,  2  armored  cruisers,  2 
destroyers,  and  16  torpedo  boats,  together  with  material  for  A12, 
A13,  A14,  and  the  submarines. 

The  fact  that  the  Government  has  been  swayed  both  in  regard  to 

the  matters  of  total  expenditure  and  ship-building  programme  is 
significant  of  a  change  of  naval  policy,  and  a  new  direction  may  be 

given  it. 
With  this  in  mind  the  following  table,  showing  the  proposed  pro- 

gramme indicated  in  last  year's  estimates  as  compared  with  the 
proposed  programme  indicated  in  this  year's  estimates,  is  interesting. 

New  ships  contempla- 
ted  as    being   com- 

pleted in   1902. 1903. 
1904. 

1905. 1906. 

Class. 
Accord- ing to 

the 
budget 
of  1901. 

Accord- ing to 
the 

budget 
of  1902. 

Budget 
1901. 

Budget 
1902. 

Budget 
1901. 

Budget 

1902. 

Budget 

1901. 

Budget 

1902. 

Budget 
1902. 

Battleships   2 

8 

1 10 

5 

26 

2 

1 

3 

3 

3 

Armored  cruisers   

Cruisers    

7 4 7 1 1 

Submarines   7 

3 

15 

3 

16 

5 

14 

17 

16 

2 

9 

2 26 
12 

2 

39 

14 

Destroyers   6 

Torpedo  boats   

63 The  above  table  is  not  an  exhibit  of  a  definite  building  programme. 

Some  of  the  figures  are  of  ships  already  building,  others  of  ships  pro- 
posed but  already  practically  eliminated  from  the  programme  of  this 

year  (1902).  The  figures,  however,  are  the  tabulated  results  of  the 
ideas  (naval  policy),  at  the  time  of  submitting  the  estimates,  of  those 

charged  with  the  development  of  the  country's  naval  defense,  and  a 
difference  in  opinion  between  this  year  and  last,  for  future  construc- 

tion indicates  the  difference  of  policy  as  to  what  is  best.  The  table 

notes  a  marked  change  in  the  development  of  the  submarine  and  tor- 
pedo element  of  the  national  defense. 

The  building  programme  adopted  by  France  in  1900  provided  for  the 
building  before  January  1,  1907,  of  the  following  vessels:  Six  battle- 

ships, 5  armored  cruisers,  ̂ 8  destroyers,  and  an  indefinite  number  of 

seagoing  torpedo  boats  and  submarines.  As  a  whole,  this  programme 
is  being  carried  out,  but  its  continuity  from  year  to  year  is  very 
uncertain. 



456 

By  an  analysis  of  the  budgets  is  demonstrated  the  extraordinary 
difference  in  cost  of  shipbuilding  at  various  French  ports,  shown  as 
follows: 

Port. 
Cost  of building , 

per  ton. 

Port. 
Cost  of 
building 

per  ton. 

Brest   
Francs. 

141 
144 
170 

L'Orient   
Franc*. 

220 
Cherbourg   Rochefort   

460 

Toulon   

Note. — These  disparities  are  at  least  explained  in  part  by  the  fact  that  different 
classes  of  ships  are  built  at  various  ports,  and  that  the  smaller  vessels  are  compara- 

tively more  expensive  to  build  than  the  larger  ones. 

PERSONNEL. 

The  French  navy  is  short  of  officers  and  is  suffering  from  stagnation 
in  promotion. 

During  the  past  two  years  there  have  been  many  efforts  on  the  part 
of  the  French  ministry  of  marine  to  increase  the  number  of  officers. 

The  constant  increase  in  the  number  of  ships  has  already  resulted  in  a 
dearth  of  officers  for  vessels  already  in  commission.  The  condition  of 

those  officers  in  the  grade  of  lieutenant  (lieutenant  d\  vaisseau)  is  one 

of  particular  hardship,  those  at  the  top  of  the  list  in  October,  19<»l. 
being  about  47  years  of  age  and  having  served  eighteen  years  in  that 

grade. 
With  reference  to  this,  a  writer  in  La  Yacht  comments  as  follow-: 

' '  We  believe  that  the  situation  is  grave.  Our  corps  of  officers  is  certainly  one  of  the 
best  instructed  in  Europe,  lacking  neither  valor  nor  technical  value,  but  it  is  impos- 

sible to  misunderstand  the  heaviness  of  spirit  which  tends  to  extinguish  that  sacred 

fire  without  which  no  military  service  is  possible.  The  officer  who  does  only  what 

is  required  of  him  by  routine  will  never  lead  our  fleets  to  victory.  In  the  navy  self- 

denial  is  necessary — a  sacrifice  of  oneself  that  we  can  only  hope  to  find  in  a  service 
in  which  men  are  satisfied  with  their  careers." 

A  bill  has  been  introduced  for  the  purpose  of  establishing  the  grade 

of  ̂  capitaine  de  corvette,"  corresponding  to  that  of  lieutenant-com- 
mander, and  to  fix  the  number  of  this  grade  at  150,  but  it  is  not 

believed  that  it  will  pass.  Under  these  circumstances  little  relief  has 

been  given  by  the  passage  of  a  law  creating  a  fixed  residence  corps, 
which  enables  the  minister  of  marine  to  practically  obtain  an  increase 

of  20  each  in  the  grade  of  lieutenants  and  commanders.  A  translation 
of  this  law  follows: 

LAW   CREATING    LIST   OF   NAVAL   OFFICERS   IN    FIXED    RESIDENCE. 

Art.  1.  There  is  hereby  created  a  special  list  of  commanders  and  lieutenants  to  be 

known  as  "fixed  residence  list.*' 
Art.  2.  Commanders  and  lieutenants  who  accept  employment  on  fixed  residence 

list  renounce  in  advance  all  advancement  or  promotion  in  general  service  by  the  sim- 
ple fact  of  their  accepting  these  special  duties,  except  in  the  case  DOted  in  article  4. 
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Art.  3.  Lieutenants  on  the  fixed  residence  list  may  be  advanced  to  the  grade  of 
commander  in  the  same  list,  in  the  same  manner  as  is  effected  in  the  general  service, 

half  by  seniority  and  half  by  selection:  Provided,  Only  one-half  of  the  vacancies 
shall  be  filled  from  the  lieutenants  of  the  fixed  residence  list,  the  other  half  being 

filled  by  appointments  from  commanders  in  the  general  service. 
Art.  4.  A  lieutenant  on  the  fixed  residence  list  can  be  promoted  from  that  grade 

to  the  grade  of  commander  by  seniority  or  by  choice  only  after  he  shall  have  become 
senior  in  date  to  all  the  lieutenants  on  the  general  service  list. 

In  case  no  lieutenant  fulfills  this  condition,  the  list  of  commanders  on  the  fixed 

residence  list  may  be  filled  until  the  condition  may  be  realized  by  a  commander 

taken  from  the  general  service  list  and  given  temporary  duty  on  the  fixed  residence 
list. 

Art.  5.  Commanders  and  lieutenants  on  the  fixed  residence  list  shall  take  rank 

among  themselves  according  to  the  date  of  their  promotion  to  the  grade  of  com- 
mander or  lieutenant  in  the  general  service.  Lieutenants  on  the  fixed  residence  list 

promoted  to  commanders  on  the  same  list  will  take  rank  according  to  the  date  of 

their  promotion  to  said  superior  grade. 
Art.  6.  Commanders  and  lieutenants  on  the  fixed  residence  list  can  not  be  restored 

to  the  general  service  list. 

Art.  7.  The  age  limit  for  admission  to  the  retired  list  of  commanders  and  lieuten- 
ants on  the  fixed  residence  list  shall  be:  For  commanders,  60  years;  for  lieutenants, 

58  years. 

Art.  8.  The  pay  of  commanders  on  the  fixed  residence  list  remains  the  same  as 

that  of  commanders  in  general  service  on  shore  duty. 

Lieutenants  on  the  fixed  residence  list  will  receive  the  longevity  increase  of  pay 

allowed  to  lieutenants  in  general  service  on  shore  duty.  Two  such  increases  may 
be  made.     The  first  shall  be  750  francs  and  the  second  800  francs. 

Abt.  9.  The  following  articles  are  applicable  to  officers  on  the  fixed  residence  list: 

Third,  fourth,  and  last  paragraphs  of  article  8  of  the  law  of  June  10,  1896;  the  finance 

law  of  April  15,  1898;  articles  9,  10,  12,  13,  14,  15,  and  33,  and  paragraphs  2,  3,  and  4 
of  article  38;  and  Title  III  (officers  of  reserve)  of  the  law  of  June  10,  1896. 

Art.  10.  The  number  of  commanders  on  the  fixed  residence  list  is  fixed  at  20;  for 

the  first  formation  of  this  list  there  shall  be  established  by  ministerial  decree  herein 

provided  for  the  various  stations  and  duties  for  said  officers,  according  to  the  number 

to  De  appointed;  the  number  of  lieutenants  on  the  fixed  residence  list  is  also  estab- 
lished at  20. 

Akt.  11.  A  ministerial  decree  shall  determine  the  special  duties  which  shall 
devolve  upon  the  commanders  and  lieutenants  on  the  fixed  residence  list,  as  well  as 
all  other  matters  of  detail. 

In  accordance  with  article  11  of  the  law  of  December  31,  1901,  the 
minister  of  marine  issued  the  following  decree  January  1),  1902: 

DBCBBB. 

Ajci  n  i.;.  i    The  employment  of  commanders  and  Lieutenants  on  the  fixed  residence 
list  (en  residence  fixe)  la  accorded  to  officers  of  corresponding  grades  In  the  general 
service  upon  their  application.    The  transfer  from  the  general  service  to  that  of 

is  also  the  promotions  of  lieutenants  on  this  last  list  to  the  superior 
grade  will  be  made  by  decrees  published  in  the  Journal  Officiel. 

a  it  j  'i.  Lieutenants,  in  order  to  be  placed  on  the  "fixed  residence"  list,  must 
nave  completed  eight  yean  In  that  tank,  of  which  four  years  shall  have  been  sea 
service  in  said  (rrade. 

Ad.  :;.  The  Increase  of  pay  i>n.\i<i<<i  for  in  article  *  of  the  law  of  December 
81,  luoi,  may  he  accorded  by  the  minister  <>i  marine  upon  tin-  recommendation  «»i  the 
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naval  authorities — the  first  after  three  years  of  service  on  this  list,  the  second 
not  less  than  four  years  after  the  allotment  of  the  first.  These  recommendations  for 

increase,  made  by  the  authorities  charged  therewith,  and  accompanied,  if  need  be, 

by  a  "  list  of  preferences,"  will  be  forwarded  to  the  minister  with  the  annual  reports. 
Art.  4.  The  duties  devolving  upon  commanders  and  lieutenants  on  the  fixed 

residence  list  are  as  follows  : 

•    Employment. 

Cher- 

bourg. Brest. 

Lo- 

rient. 
Roche- 
fort. Toulon. 

Paris-  gi^s. 

COMMANDERS. 

Hydrographic  service: 
Chief  of  sailing  directions   

* 
i 

i 

i 

i 

Nautical  instruments   

Meteorological  division   
Submarine  defenses   

Inspector  of  electro-semaphores   1 

1 

1 1 1 

1 

1 1 

Commandant   of  receiving  ship    (or  bar- 
racks)   

Senior  aid  to  commandant  of  receiving  ship 

(or  barracks)   1 

1 

1 

1 1 

1 

1 
Subdirector  of  movements  of  the  port   1 

Groupe  fiotte  (general  police,  fatigues,  etc.). 

Total   3              4 2 2               4               4 1 

LIEUTENANTS. 

Hydrographic  service  (sailing  instructions) . 
2       

Submarine  defenses   
1       

Fixed  defenses  (mines,  etc.)   1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Direction  of  the  movements  of  the  port   

Equipment  of  officer  of  barracks   

Archives,  charts,  and  plans   

Secretarv  of  the  torpedo  commission   1 

Total   a 4 3               2               5 3 

The  question  of  the  budget  is  the  obstacle  to  service  legislation. 
A  reform  accomplished  by  M.  Lanessan  is  the  separation  of  the  purely 
military  administration  of  the  ministry  of  marine  from  the  bureaus  of 
construction  and  supplies.  Hitherto  the  flag  officer,  who  performed 
the  functions  of  chief  of  the  general  staff  of  the  navy,  was  at  once 
director  of  the  naval  and  civil  cabinet  of  the  minister,  and  executive 

chief  of  the  officers  and  civil  employees  of  the  whole  department. 
This  extraordinaiy  power  and  authority  formerly  enjoyed  by  the  chief 
of  staff  has  now  been  curtailed.  The  chief  of  staff  is  no  longer  the 

head  of  the  minister's  cabinet,  and  his  functions  have  been  subdivided 
into  sections,  each  under  a  separate  chief."  The  chief  of  staff  is  now 
intrusted  with  all  that  concerns  the  discipline,  instruction,  and  mobili- 

zation of  the  fleet.  The  administration  of  the  services  of  armament, 

equipment,  and  supplies  forms  a  separate  section  under  control  of  a 
flag  officer,  directly  responsible  to  the  minister.     Matters  pertaining 

a  Since  the  accession  of  M.  Pelleten,  the  new  minister  of  marine,  there  arc  indica- 
tions of  another  change  in  the  organization  of  the  French  general  staff.  Details  of 

this  change  are  not  yet  definitely  known. 
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to  artillery  and  gunnery  are  placed  in  a  third  section.  Torpedo  boats 
and  submarines  form  a  fourth  department.  Naval  construction  forms 
a  tifth  department.  All  these  functions  had  hitherto  been  grouped 
together  in  one  administration  under  the  exclusive  control  of  the  chief 
of  staff. 

The  minister  of  marine  has  reorganized  the  naval  coast  defenses. 

Instead  of  the  director  of  submarine  defenses  having  control  of  tor- 
pedo boats,  each  port  is  to  have  an  independent  authority,  amenable 

solely  to  the  maritime  prefect,  and  through  him  to  the  minister  of 
marine.  The  supply  of  lieutenants  and  ensigns  for  torpedo  boats  and 

submarines  being  insufficient,  the  master  pilots  are  to  have  the  com- 
mand of  some  of  the  torpedo  boats.  Hereafter  torpedo  boats  are  to 

be  grouped  in  pairs,  so  as  to  assist  each  other  in  search  of  the  enemy. 
The  first  torpedo  boat  of  each  group  is  to  be  under  the  command  of  a 
lieutenant  or  ensign,  and  the  second  under  a  master  pilot. 

At  each  torpedo  station  the  force  is  to  be  divided  into  two  parts, 
the  first  kept  fully  manned,  while  the  second  will  only  have  a  crew 
sufficient  to  take  proper  care  of  the  vessels.  Only  after  contact  with 
the  enemy  by  the  first  division  will  it  be  followed  up  by  the  second 

division.  The  crews  will  be  required  to  spend  three  months  alter- 
nately on  board  the  reserve  torpedo  boats  and  on  board  the  active  ones, 

the  first  division  always  to  have  a  mobilization  of  at  least  five  days  at 
the  end  of  each  period  of  three  months.  Measures  are  to  be  taken  to 
test  and  put  on  record  each  month  the  actual  condition  and  endurance 
of  the  torpedo  boats  and  submarines  at  each  station,  and  also  to 
register  their  sea  speed.  Numerous  workshops  are  to  be  constructed 

all  along  the  coast,  to  effect  temporary  repairs.  This  new  organiza- 

tion is  highl}7  spoken  of  by  the  naval  experts,  and  is  expected  to  insure 
an  extraordinary  efficiency  and  development  of  naval  coast  defenses 
along  the  whole  length  of  the  French  seaboard,  on  the  Atlantic  as  well 
as  on  the  Mediterranean.  The  whole  coast  defense  will  thus  consti- 

tute one  separate  department,  intrusted  to  a  vice-admiral. 

Another  reform  effected  is*  the  new  strategic  grouping  of  the  French 
naval  forces  in  the  East.  The  four  hitherto  independent  naval  divi- 

sions of  the  extreme  East  have  been  abolished,  and  all  placed  under 
one  command,  called  the  naval  force  of  the  eastern  seas.  The  vice- 

admiral  intrusted  with  this  important  fleet  will  have  two  rear-admirals 
under  his  orders,  and  the  three  principal  stations  of  his  force  are 
Saigon,  Diego-Suarez,  and  Noumea. 

A  modification  of  the  law  of  the  inscription  maritime,  reducing 
the  period  of  effective  service,  ha*  been  proposed.  This  period  of 
effective  service,  which  has  a  fixed  maximum  of  five  years,  has  seldom 
been  enforced  to  its  full  limit.  Recently,  owing  to  events  in  China, 
it  was  fifty-sis  months.  It  ha-  often  been  much  lower.  The  pro 

posed  Legislation  would  reduce  it   to  thirty  six  months.    Owing-  to 
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numerous  modifications  recently  introduced  in  the  manner  of  recruit- 

ing-, which  bring  in  artisans  and  others  outside,  this,  it  is  believed, 
will  produce  a  sufficient  number  of  men.  When  the  proposed  pro- 

gramme for  the  fleet  has  been  carried  out  80,000  men  will  be  required, 

but  the  "inscription  maritime ,"  even  with  the  reduced  period,  will 
give,  it  is  estimated,  a  surplus  of  19,000  men. 

Petty  officers'  schools  are  being  established  by  large  cities,  cooper- 
ating with  the  navy  department.  These  schools  are  to  prepare  special 

petty  officers  in  gunnery,  torpedoes,  etc. 
The  organization  and  status  of  the  engineer  corps  is  a  prominent 

question  at  the  present  time,  and  a  commission  has  been  appointed  to 
study  the  questions  relating  thereto. 

GERMANY. 

The  estimates  for  1902,  as  submitted  to  the  Reichstag,  amounted  to 

209,082,089  marks,  an  increase  of  12,347,917  marks  over  last  year's 
estimates. 

Of  this  the  amounts  estimated  for  certain  items  are  as  follows: 
Marks. 

New  ships  to  be  built    13,  720,  000 
Ships  building    41,  451,  000 
Repairs  and  reconstruction       9,  925,  000 

Ersatz — New  ships  built  to  replace  old  ones,  not  included  in  programme.   10,  070,  000 
Extension  of  navy-yards  and  plants       7,  366,  560 
Armament  (guns,  26,006,000  marks;  torpedoes,  4,230,000  marks)    30,  236,  000 

The  estimates  contain  a  reduction  in  the  amounts  proposed  for 
armor.  It  is  stated  that  this  reduction  is  due  to  the  continuity  of  the 

building  programme,  its  steady  demand  for  armor  allowing  the  man- 
ufacturers to  sell  cheaper  than  could  be  the  case  were  the  demand 

unsteady,  and  is  not  due  to  any  especial  improvement  in  the  cost  of 
manufacture. 

First  appropriations  occur  for  two  battleships,  one  armored  cruiser, 
and  three  small  cruisers. 

By  reason  of  duties  of  international  representation,  unusually  high 
expenses  are  frequently  occasioned  to  war  ships  and  naval  garrisons. 
which  the  persons  in  question  can  not  pay  out  of  their  regulation 
allowances.  The  budget  for  1902,  therefore,  provides  a  special  fund 
out  of  which  allowances  for  these  purposes  are  to  be  granted.  Based 
on  the  experience  of  the  last  few  years,  the  sum  has  been  fixed  at 
8,000  marks  ($1,904). 

The  increase  in  the  German  navy  in  both  personnel  and  material  has 

been  systematic,  steady,  and  rapid.  There  is  little  doubt  that  the  com- 
pliance of  the  Government  and  people  with  the  well-known  desire  of 

the  German  Emperor  for  a  strong  navy  is  due,  to  a  large  extent,  to 

the  influence  of  the  German   navy  league  through  its   well-directed 
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efforts  toward  creating  a  positive  and  lively  interest  in  the  navy  on 
the  part  of  the  people. 

The  efforts  of  the  league  have  been  directed  with  more  than  ordinary 
ability,  and  its  influence,  as  the  result  of  its  efforts,  could  only  be 
entirely  satisfactory  to  those  concerned  in  its  direction. 

A  law  passed  April  10,  1898,  provided  for  an  increase  in  the  fleet, 
the  increase  to  be  completed  in  six  years.  The  strength  of  the  fleet  as 

contemplated  by  this  law  was  attained  in  practically  one-half  of  the 
proposed  period,  and  in  Januarj^  1900,  the  increase  of  the  fleet  was 
again  before  the  Reichstag,  with  the  result  that  a  considerable  addition 

to  the  fleet  was  authorized  in  June  of  that  year.  The  building  pro- 
gramme of  this  authorization  was  to  cover  a  period  originally  intended 

to  extend  to  the  year  1916.  The  fact  that  the  increase  authorized  by 
the  law  of  1898  was  carried  out  long  before  the  expiration  of  the 
period  contemplated,  led  the  council  to  refrain  from  definitely  fixing 

the  }rear  1916,  but  to  build  as  financial  and  other  circumstances  would 
permit;  in  other  words,  to  complete  the  programme  authorized  in  1900 
as  rapidly  as  possible.  This  programme  (1900)  is  now  within  a  few 
years  of  completion,  and  it  is  highly  probable  that  the  actual  material 

strength  in  number  of  ships,  without  counting  those  over  the  pre- 
scribed age,  A\ill  be  reached  by  1908,  if  not  in  1907. 

By  counting  vessels  still  serviceable,  but  beyond  the  efficient  age 
limit,  the  prescribed  strength  could  probably  be  reached  in  at  least 
three  years. 

Table  1. 

Building  programme. 

Total  required  by  law  of  1900   
Built,  building   
Remaining  to  complete  programme   

Authorized  in  1902-190:5  budget   

Yet  to  be  authorized  to  complete  the  programme  of  p.ioo 

Battle- 
ships. 

38 

Armored 
cruisers. 

14 29 

11 

9 3 

2 1 

7 2 
i 

Small cruisers. 
38 

30 

3 

5 

BATTLESHIPS. 

In  addition  to  new  construction  authorized,  old  ships  were  to  be 
rebuilt  where  the  character  of  the  ship  rendered  such  rebuilding 
worthy  of  the  expenditure,  while  ships  too  old  for  rebuilding  were  to 
be  replaced,  such  substitution  or  replacement  not  to  interfere  with  new 
construction  required  to  bring  the  fleet  up  to  the  strength  required  hv 
the  law  of  L900. 

Of  the  list  of  battleships,  those  of  tie-  Sach8<  n  class,  four  in  number, 
originally  launched  between  1*77  to  L880,were  reconstructed  between 
L895  and  L898,  while  six  of  (he  Siegfried  class,  launched  L889  L898, 

ar<-  being  reconstructed  under  appropriations  originating  in  the  i!»»»i 
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1902  budget.  This  year's  budget,  1902-1903,  contains  a  first  appro- 
priation for  the  reconstruction  at  a  cost  of  $200,000  each  of  the  four 

ships  of  the  Brandeiiburg  class.    These  ships  were  launched  in  1891-92. 

LARGE    CRUISERS — SMALL   CRUISERS. 

The  same  process  of  substitution  and  replacement,  independent  of 
new  construction,  is  carried  on  in  these  classes  of  vessels,  the  whole 

being  the  effective  operation  of  an  extremely  well-considered  plan  to 
obtain  an  effective,  well  ordered  and  equipped  fleet,  at  a  period  about 
eight  years  earlier  than  contemplated  by  the  scheme  as  shown  in  the 
budget  for  1900. 

The  budget  of  this  year  does  not  mention  in  the  list  of  ships  cred- 
ited as  existing  under  the  law  the  armored  ships  (once  battleships) 

Kaiser  and  Konig  Wilhelm,  both  of  which  are  still  effective  and  until 

recently  in  commission  as  large  cruisers,  but  refers  to  the  new  Ersatz  a 
already  building  for  these.  By  counting  these  the  prescribed  strength 
in  large  cruisers  is  really  reached,  being  14  at  present. 

The  small  cruiser  Zieten  is  not  mentioned  in  the  list  of  small  cruisers, 
but  only  her  substitute. 

The  special-service  ships  Marie,  Sophie,  Carola,  Olga,  and  Nixe 
are  all  in  commission  and  should  be  classed  as  small  cruisers.  This 

would  bring  the  total  number  of  small  cruisers  to  38. 
The  list  of  ships  given  in  the  budget  does  not  comprise  the  whole  of 

the  German  nav}T,  but  the  bulk  of  its  fighting  strength.  In  addition, 
there  are  small  craft,  including  torpedo  craft,  special-service  vessels, 
and  about  17  coast-defense  and  seagoing  gunboats  of  about  1,000  tons 
displacement. 

Of  the  torpedo  divisions  contemplated,  16  in  all,  only  2  divisions 
yet  remain  to  be  authorized,  the  construction  in  this  element  being  far 
ahead  of  the  programme. 

Taken  as  a  whole,  the  position  of  the  German  navy  is  that  of  equality 

with  equal  number  of  vessels  in  other  navies,  where  ships  are  not  con- 
sidered ineffective  simpty  because  they  are  so  many  years  old. 

When  the  present  shipbuilding  programme  expires  with  the  authoriza- 
tion of  the  last  of  its  ships,  in  1904,  it  is  the  intention  to  introduce 

into  the  Reichstag  those  clauses  of  the  bill  which  were  rejected  in  1900. 

This  will  call  for  6  large  cruisers  and  7  small  cruisers  and  a  corre- 
sponding increase  in  personnel. 

DEVELOPMENT   OF   THE   PERSONNEL   OF   THE   GERMAN    NAVY. 

The  figures  of  the  following  analysis  are  taken  from  the  budgets 

1897-1902.     While  the  personnel,  as  actually  borne  on  the  navy  li>t- 

"New  ships  built  to  replace  old  ones.  In  contradistinction  to  entirely  new  or 
1  ■  increase ' '  construction. 



463 

for  the  various  years,  may  not  coincide  exactly  with  that  given  here 
(which  is  that  appearing  in  the  budgets),  it  approximates  closely 
enough  to  allow  the  budget  figures  to  give  an  accurate  idea  as  to  the 
progress  of  the  German  development  of  naval  personnel. 

The  law  of  1900,  authorizing  the  existing  programme  of  construction, 
contemplated  in  1920  a  personnel  as  shown  by  the  following  table: 

Table  II. 

Grade. 

Flag  officers   

Captains   
Commanders   

Lieutenant-commanders. . . 
Lieutenants   

Lieutenants  (junior  grade) 

Num- 
ber. 

32 102 

224 
455 

647 

628 

Grade. 

Ensigns   

Cadets   

Engineer  officers  . . 
Medical  officers   

Accountant  officers 

Rank  and  file   

Num- 

ber. 

304 
140 

427 

341 

234 

54, 920 

The  following  tables  from  the  budgets  show  the  development  of  the 
personnel  as  shown  by  the  estimates  for  each  year: 

^  Table  III. — Total  personnel. 

Grade. 
Budget  year. 

1896-97.      1897-98. 

All  officers,  commissioned    959 

Sanitary  personnel    116 

Warrant  officers    897 

Petty  officers   '  4, 172 
Men    14, 992 

Boys    600 

Total  personnel    21, 736 

1,013 122 

952 

4,437 
16, 178 

600 

23, 302 

1899. 

1,118 142 

1,119 

5,193 
18, 079 

1,000 

26, 651 

1900. 

1,195 

153 

1,206 

5,613 
19, 037 

1,000 
28, 204 

1901. 

1,283 
164 

1,306 

6,241 20, 744 

1,300 

31,038 

1902. 

1,394 

175 

1,426 6,  824 
22, 289 

1,300 

33, 408 

Table  IV. — Officers. 

Grade. 

Flag  officers   

Captains   
Commanden  ;ni<i  lieutenant-command- 

Lieutenant!   

Lieutenant!  (Junior grade)   
Ensign!   
Midshipmen   
Cadeti   

neer  officer!     
Medical  officen   
Accountant  officer*   

1896-97.     1X97-98 

13 43 

HO 

It, I 

242 

167 

70 
90 

18 
46 

84 

176 

191 

167 

70 102 
180 

Budget  year. 

1899. 

15 48 

98 
185 

278 
207 

207 
120 

128 

1 12 

104 

1900. 
16 

51 

100 

194 
296 

219 

270 

I  i  , I  II 

112 

1901. 

17 

54 

109 206 

820 

235 
826 
200 

169 164 

119 

1902. 

is 

57 

119 

220 

m 900 

186 

17, 

184 

1920. 

82 

102 

22 1 

4f>5 

<;i7 

628 
804 

no 
427 

841 
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Table  V. — Analysis  of  the  foregoing  table,  showing  annual  increase  in  each  class. 

Grade. 

Annual  increase  for  the  years 
below. 

1898. 1899. 

Flag  officers   

Captains   

Commanders  and  lieu- 

tenant-commanders... 

Lieutenants   

Lieutenants  (junior 

grade)   

Ensigns   

Midshipmen   

Cadets   

Engineer  officers   

Medical  officers   

Accountant  officers   

Warrant  officers   

Petty  officers   

Men   

Boys   

4 

12 

12 

32 

55 

265 

1,186 

2 

2 

9 

9 

24 

16 40 

50 

26 

12 9 

167 

756 

1,901 400 

1900. 1901. 

1 

3 

9 12 

Total  personnel  ...    1, 468     3, 349 

18 
24 

12 16 

63 56 

35 45 16 
15 

11 

11 

8 7 

87 

100 

420 
628 

958 
1,707 300 

1,553 
2,834 

Total 
increase 

Average 

annual 

Average 

annual  I 

Annual 
increase 
from  1900 

iRQs  iono    increase 
1902.  :±8ys  iyu   ,  1898-1902. 

increase 
from 

1900. 

1 

3 

10 14 
28 

18 

75 

30 

11 

15 
120 

583 

1,545 

o 14 

39 56 

106 

70 

234 

130 

119 
45 

39 
529 

2,652 7.297 

700 

1 

3 

8 

11 

21 

14 

47 
26 

24 

11 

10 

106 

530 

1,259 
140 

1 

3 

9 

12 

23 

15 

as  con- 

tem- 

plated by I    law  of 
1900. 

1 

2 

6 

13 

18 
20 

20 

11 

11 

110 

606 

1,626 
2,370  ,      11,574  i        2,515  2,602 

14 

9 

6 

1,687 

Table  VI. — The  executive  elements  of  the  fleet  and  navy-yards. 

Grade. 
Date  of  budget. 

1896-97. 

1897-98.  ' 

1899. 
1900. 

1901. 
1902. 

Line  officers  (excluding  cadets  )a   
Cadets   

749 

237 

90 

16, 461 

785 
237 

102 

17, 760 

852 

827 
128 

20,846 

905 

144 

22, 174 

974 526 

159 

25,377 

1,054 
601 

Engineers   

183 

Rank  and  file  &   

26,  679 
«From  1897-1902  there  were  on  active  duty  an  average  of  29  retired  officers.  These  are  included  in 

this  list. 

& Rank  and  file  in  this  case  includes  the  personnel  of  the  sailor  division,  boys,  the  deck,  engineer, 

and  special  personnel  of  the  dockyard  division,  and  torpedo  division.  It  excludes  the  seamen  artil- 
lery, marines,  clothing,  officers,  medical  department,  ordnance  corps,  paymasters,  and  the  technical 

elements  of  the  mining,  torpedo,  and  surveying  branches.  It  approximates  the  controlling  naval 

elements  of  a  flexible  sea  force  pure  and  simple,  as  contrasted  with  coast  defense  elements. 

Ana  lys  is  of  the  forego  ing  ta  ble. 

LINE    OFFICERS. 
Number: 

1902        1.054 
1897           740 

Increase  between  dates  given          305 
Average  annual  increase    61 

1902    1 .  054 

1900   .'      906 

Increase  hot  ween  dates  given           149 
Average  annual  increase    75 

Annual  increase  contemplated  in  programme  of  1900           <>0 
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MIDSHIPMEN    AND    CADETS. 

The  cadets  are  more  than  doubled  in  number,  having  been  increased  from  237 
to  601. 

ENGINEERS. 

Number: 

1902           183 

1897    90 

Increase  between  dates  given    93 

Average  annual  increase    19 

1902           183 
1900           144 

Increase  between  dates  given    39 

Average  annual  increase    19 

Annual  increase  contemplated  in  programme  of  1900    14 

RANK   AND   FILE. 

Number: 

1902    26,  679 

1 S97     16,  461 

Increase  between  the  dates  given. .     10,  218 

A  verage  annual  increase       2,  044 

1902    26, 679 
1900    22, 174 

Increase  between  the  dates  given       4,  505 

Average  annual  increase       2,  253 

From  the  foregoing  it  is  estimated  that  the  elements  of  personnel 
required  by  the  programme  of  1900  will  be  completed  at  the  same 

yearly  increase  as  given  above  (1900-1902)  in  the  following  years:  Line 
officers  in  fourteen  years,  or  by  1916;  engineers  in  thirteen  years,  or 
by  1915;  rank  and  tile  in  twelve  years,  or  by  1914. 

The  building  programme  of  the  German  navy  will  be  practically 
complete  in  1907.  The  foregoing  figures  show  that  the  corresponding 
numbers  in  personnel  will  not  have  been  attained  so  soon,  but  will  be 
reached  by  L915  at  the  latest. 
The  increase  of  the  number  of  cadets  from  237  in  1898,  to  601  in 

1902,  gives  promise  of  the  complement  of  line  officers  being  attained 
at  a  much  earlier  date  than  1915." 

It.  must  also  be  borne  in  mind  that  military  (naval)  service  in  (Jer- 
inany  is  compulsory,  and  that  men  who  have  completed  their  terms  of 
active  service  with  the  fleets  and  have  passed  into  the  reserve  are  all 
well  trained  men. 

The  coasl  defense*  an-  being  gradually  transferred  to  the  navy.     In 

be  German  navy  list  for  January,  1902,  gives  the  following  list  of  officers:  I 
officers,  24;  captains,  66;  commanders  and  lieutenant-commanders,  119;  lieutenants, 

221;  Lieutenants  (J.  G.),  861;  ensigns,  LSI;  midshipmen  ami  cadets,  7l'7;  engineer 
officers,  L81;  medical  officers,  177;  accountant  officers,  L21. 

L800     02        80 
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1901  about  3,700  officers  and  men  were  employed  to  garrison  the 
whole  of  the  works  at  Wilhelmshaven,  Kiel,  Bremerhaven,  Cuxhaven, 
and  Heligoland,  and  for  the  water  defenses,  such  as  submarine  mines. 

RUSSIA. 

The  total  Russian  navai   estimates  for  1902  amount  to  98,318,984 
rubles,  an  increase  of  4,721,318  rubles  over  the  estimates  for  1901. 

The  items  follow: 

Rubles.^ 
Central  administration  and  port  service    2,  400,  566 

Schools  (training  service)   1   "    1, 128,  633 
Medical  service  and  hospitals    1,  215,  063 
Pay    5,789,149 
Provisions    1,  952,  618 
Clothing    2,  916,  078 
Navigation    20, 425, 003 
Hydrographic  service    966,  221 
Marine  artillery,  torpedo  service,  electric  lighting    11,  468,  339 
Naval  construction    25,  637, 517 
Works  and  admiralty    5,  740,  523 
Rent  and  maintenance  of  admiralty  buildings  and  new  construction    5,  959,  994 
Missions    849,  000 
Gratuities  and  assistance    555, 478 
Contingent  expenses   ..    1,  787,  668 
Installation  and  improvement  of  military  posts    9,  226,  733 
Credit  for  the  needs  of  1903    300,  396 

BUILDING   PROGRAMME. 

Reports  indicate  that  this  year's  building  programme  contemplates 
3  battleships  and  2  armored  cruisers.  Since  the  adoption  of  this 

programme,  it  is  reported  that  the  promulgation  of  the  Anglo-Japanese 

alliance  has  caused  an  appropriation  by'  Russia  for  4  battleships  and 
2  armored  cruisers  in  addition  to  the  regular  programme.  These 
ships  will  be  built  abroad  if  the  capacity  of  the  home  yards  will  not 
admit  of  them  being  built  there. 

On  January  1, 1902,  b}^  an  order  of  the  Czar,  2  additional  "equipages'* 
of  1,500  to  2,000  men  each  were  established.  One  of  these  is  to  be 
assigned  to  the  Black  Sea  division  and  one  to  the  Far  East,  the  latter 

to  be  known  as  the  "  Kvartoon  Equipage." 

AUSTRIA. 

The  total  Austrian  budget  for  this  year  amounts  to  46,690,820 
crowns,  an  increase  of  3,200,000  crowns  ($649,600)  over  last  year, 

There  is  no  increase  in  the  personnel. 

The  programme  for  new  construction  proposes  2  Danube  monitors 
and  5  patrol  boats. 

« 1  rnble=$0.515. 
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Bv  the  removal  of  obstructions  to  navigation  in  the  lower  Danube, 
it  has  become  possible  for  foreign  warships  to  advance  into  the  upper 
Danube.  For  this  reason  the  increase  of  the  Danube  flotilla,  as  noted 
above,  is  considered  as  an  urgent  necessity. 

The  following  are  among  the  most  important  chapters  of  the  budget: 

1.  Pay   .-:    $846,741.42 

1'.  Wages  and  money  for  clothing    554,  045.  87 

3.  Sendee  ashore...'    362,629.05 4.  Service  afloat    820,  995.  54 

').  Institutions  (including  naval  academy,  library,  hospital,  school, 
hydrographic  office,  etc. )    96,  642.  21 

6.  Running  expenses  and  repairs  of  ships  and  replacing  old  ships  by 
new  ones    2,  713,  003.  65 

(This  chapter  includes  $1,238,300  under  the  head  of  "Building 
ships  and  engines,"  being  installments  for  ships  under  construc- 

tion. ) 
7.  Ordnance    239, 134.  00 
8.  Dockyard  improvements    133,  707.  98 

-  j  H'cial  expenses  of  the  navy    105,  423.  99 
10.  Pensions,  etc    425,  386.  50 

Under  the  head  of  "  Extraordinary  expenses"  are  additional  items 
to  chapter  5,  above,  and  the  following  to  chapter  6: 

For  the  acquisition  of  a  steel  floating  dock  with  appurtenances. ..'.       $203,  000.  00 
Building  ships  and  engines     1,  745,  800.  00 

(Being  $81,200  for  2  new  Danube  monitors  and  5  patrol  boats,  the 
balance  for  ships  building. ) 

Additional  items  to  chapter  Y,  Ordnance: 

(inns  and  ammunition  for  ships  under  construction   $1,  083,  714.  00 
Mines    20, 300. 00 
Torpedoes  and  torpedo  nets           36,540.00 

Additional  items  to  Chapter  8,  Dockyard  improvements: 

Coal  and  torpedo-boat  station,  Teodo    $28,420.00 
Ammunition  and  powder  magazine,  Val lei unga    30,856.00 
Magazine  for  mines    9, 338.00 
Monte  Saline  proving  ground  near  Pola    5,  927.  60 

Carrier-pigeon  station  in  Dalmatia    1, 827. 00 

JAPAN. 

The  Japanese  naval  budget  for  1902-3  contains  the  following  items, 
amounting  to  a  total  of  28,425,639.671  yen  ($12,155,968): 

Ordinary  expenditure  Yen." 
Nt ml  office          179,855.570 

Miseellaneous      2 1 .  159,198.  LOB 

Total    21,  .675 

nOneyen    ■  $0,498. 
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Extraordinary  expenditure:  Yen.r' 
Civil  engineering    82,  280.  500 

Construction — repairs    40,  784.  000 
Surveying    19, 128,  498 
Naval  expansion,  ships,  guns    5, 113,  782.  461 
Construction  materials,  naval  stations    30,  000.  000 
Department  of  works    34,  317.  330 
Gratuities    1,  200.  000 
Charts  and  records  (for  sale)    6,  000.  000 
Expansion  of  Kure  Arsenal    1,  557,  264.  980 
Ordnance  construction  materials  fund    191,  828.  227 

Total       7,  076,  585.  996 

A  bill  has  passed  to  expand  the  Kure  Arsenal  and  to  establish  a  steel 
foundry  for  the  purpose  of  producing  armor  plates.  The  expenses  of 
this  expansion  are  to  extend  over  a  period  of  four  years.  The  first 
installment  is  included  in  the  Kure  item  in  the  extraordinary  expenses 
as  noted  above. 

A  new  shipbuilding*  programme  is  being  considered,  but  as  vet  has 
not  been  definitely  promulgated.  It  is  stated  that  this  programme, 
for  the  six  years  commencing  1904,  will  comprise  the  construction  of 
4  battleships  of  15,000  tons  each,  2  armored  cruisers  of  9,900  tons 

each,  1  second-class  cruisers  of  5,000  tons  each,  15  destroyers,  and  50 
torpedo  boats. 

ITALY. 

The  outlay  for  the  year  1902-3  for  the  Italian  navy  will  be 

121,000,000  lire,*  but,  deducting  the  charges  for  the  mercantile  marine 
and  some  other  nonrelated  matters,  the  estimate  is  reduced  to 

111,396,379  lire.  The  average  strength  of  the  personnel  will  be  1,855 

officers  and  25,000  men.  A  squadron  will  be  maintained  in  the  Medi- 
terranean comprising  8  battleships  and  four  armored  cruisers,  with  9 

smaller  vessels.  There  will  be  an  ocean  squadron  of  8  vessels  and  a 
training  division  of  3  vessels,  as  well  as  7  vessels  on  various  stations. 
The  Mediterranean  Squadron  will  have  full  complement  for  a  period 
of  seven  months.  It  is  stated  that  the  total  value  of  the  material  of 

the  Italian  navy  is  501,366,856  lire.  A  sum  of  29,169,600  lire  will  be 
devoted  to  the  construction  and  completion  of  the  Bt m<  <J<  ti<>  Brhu 
Regina  Margherita,  Francesco  Ferruccio,  Vittorio  Emanueli  III.  and 

Regina  Elena,  and  to  putting  in  hand  3  other  first-class  battleships. 
The  sum  named  does  not  include  1,000,000  lire  which  have  been 
assigned  to  the  construction  of  the  Italia.  Four  and  a  half  million 

lire  will  be  devoted  to  the  purchase  of  coal,  of  which  13<>.(><>o  tons  will 
be  acquired. 

«  One  yen  =  £0.498.  *>  One  lira  =  SO.  193. 
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SWEDEN. 

The  Swedish  naval  estimates  for  1902  amount  to  10,461,982  crowns 

for  the  ordinary  budget  and  10,983,043  crowns  for  the  extraordinary, 

showing  an  increase  over  the  previous  year  of  2,331,027  crowns  in  the 

ordinary  budget  and  a  decrease  of  2,439,062  crowns  in  the  extraor- 
dinary. 

The  following  are  the  principal  items  in  the  ordinary  budget: 

Crowns.« 
1.  Ministry  of  marine    93,  400 
2.  Pew  mnel  of  the  fleet    3,  851,  740 
3.  Materiel    1,685,000 

4.  Ships  in  commission  and  instructional  cruiser    1,  361,  900 
5.  Naval  schools    53,  470 
I ;    Medical  department  and  hospitals    44,  000 

out  artillery    1, 479, 496 

8.  Divers'  expenses    1,  479, 496 
9.  Mercantile  marine     1,  688,  209 

Out  of  the  extraordinary  budget,  8,932,765  crowns  are  devoted  to 

the  service  of  the  fleet  proper,  of  which  6,639,915  crowns  are  for  war 

materiel:  280,000  crowns  for  the  reconstruction  of  the  monitors  Thor- 
don  and  Tirfing\  107,900  crowns  for  the  conversion  of  certain  torpedo 
boats  into  vedette  boats;  1,206,000  crowns  as  the  second  credit  for  the 

guns  and  torpedoes  of  the  battleships  "A,"  "B,"  and  "C;"  15,000 
crowns  for  gunnery  trials;  5,000  crowns  for  torpedo  trials;  80,000 
crowns  for  the  purchase  of  reserve  torpedo  materiel;  50,000  crowns 

for  the  purchase  of  submarine  mines;  50,000  crowns  for  boom  mate- 

riel: 290,000  crowns  for  coal,  and  105,000  crowns  for  clothing;  these 
two  lasl  items  being  in  connection  with  mobilization.  In  the  credit  of 

lo  crowns  for  war  materiel  are  included  the  sums  required  for 

new  ships,  divided  as  follows:  1,835,865  crowns  for  the  completion  of 

battleships  "A,"  "B,"  and  "C;"  598,050  crowns  as  first  vote  for  three 
firsi  class  and  two  second-class  torpedo  boats,  and  a  torpedo-boat 

royer;  2, 813.000  crowns  as  first  vote  for  the  construction  of  a 

first  class  battleship,  and  181,000  crowns  for  a  balloon  ship.  The 

admiralty  has  also  entered  into  a  contract  for  a  31 -knot  destroyer,  to 

!><•  of  the   oiOSi    modern  type,  and   to   he  provided  with  the  necessary 
fittings  for  burning  petroleum  find.  The  vote  for  the  personnel  pro- 

vide n  increase  of  50  officers,  .'»:;  petty  office]  i  men.  mid  80 
boys.    This  gives  a  total  of  210  officers,  362  petty  officers,  2,825  men, 
and   loo  boys. 

i  be  crown 





VIII. 

THE  VITTORIO  EMANUELE  AND  COMPARISONS  OF  MODERN 
BATTLESHIPS. 

By  Naval  Constructor  Vittorio  E.  Cuniberti,  Italian  Navy. 

[Translated  in  the  Office  of  Naval  Intelligence,  from  the  Rivista  Marittima.] 

The  five  battleships  of  the  Vittorio  Emanuele  type  which  Admiral 
Morin,  minister  of  marine,  has  embodied  in  the  budget  submitted  to 
the  Chamber  at  its  session  of  November  30, 1901,  are  to  form  a  special 
naval  division,  homogeneous,  powerful,  and  of  great  speed,  which, 
flanked  by  the  twelve  fast  destroyers  which  are  about  to  be  completed, 
will  be  able  to  cope  with  any  enterprise  hitherto  beyond  the  power  of 
our  navy  for  lack  of  speed  and  homogeneity. 
Having  abandoned  the  system  of  building  ships  in  pairs,  like  the 

Emanuele  FVltberto  and  AmmtragUo  di  Saint  Bon,  or  the  Rec/ina 
Ma/rgherita  and  Benedetto  Br  in,  and  adopted  the  English  system  of 
series,  like  the  Bulwark,  Duncan,  and  Oressy  classes,  we  shall  be  able 
to  attain  better  results,  both  partial  and  total,  from  the  characteristic 
features  of  the  new  ships,  which,  if  each  stood  alone  or  were  joined 
with  others  of  less  speed,  would  not  be  able  to  bring  out  the  total 
efficiency  inherent  in  them. 

It  is  therefore  but  natural  that  the  characteristics  of  this  new  type 
form  the  subject  of  animated  discussions  in  the  Italian  as  well  as  the 

foreign  press,  that  the  objects  to  be  attained  by  this  group  arc  being 
clo&elj  scrutinized,  and  that  the  ultimate  results  of  this  design  are 

being  doubted,  in  some  cases  even  called  improbable. 
The  leading  criticisms  in  the  technical  press,  in  inquiring  into  the 

///,  </,  neoli  development  of  naval  architecture  in  Italy,  have  for  the 
most    pari    been    friendly    to    us.    and    the    comparisons    made   abroad 

between  our  latest  designs  and  those  of  other  navies  have  in  the  final 
summing  up  been  in  our  favor.      lint  not  all    the  critics  have  admitted 

the  advisability  of  uniting  the  characteristics  of  the  largest  modern 
171 
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battleships  with  the  most  salient  features  of  the  fastest  armored  cruis- 

ers built  b}r  some  of  the  powers. 
My  intention  is  to  point  out  in  these  pages  everything  of  interest 

that  has  been  said  on  the  subject  of  our  new  design  in  lectures  on 
naval  matters,  and  everything  that  has  been  written  in  reviews  and 
political  and  naval  publications  on  this  question,  which  is  of  the  utmost 
importance  to  Italy,  the  first  nation  to  inaugurate  new  methods  in  the 
solution  of  the  complex  problem  of  modern  shipbuilding,  including 
the  composition  of  future  fleets. 

The  principal  lectures  on  this  subject  are  those  of  Naval  Constructor 
H.  G.  Gillmor,  United  States  Navy,  Lieut.  Herbert  W.  Hope,  British 
Navy,  and  Chief  Engineer  of  Ordnance  B.  Sabath,  Austrian  Navy. 
The  foreign  periodicals  which  have  discussed  the  question  are  The 
Engineer,  Schiifbau,  The  Nautical  Gazette,  Scientific  American,  Le 

Yacht,  Marine-Rundschau,  El  Mundo  Naval,  La  Marine  Francaise, 
Ueberall,  Le  Petit  Var,  Revista  General  de  Marina,  etc. 

ABSOLUTE   AND   KELATTVE    STUDIES. 

In  order  to  obviate  an}r  imputation  of  chauvinism  I  will  begin  by 
saying  that  different  navies  have  different  aims,  and  therefore  the 
types  of  ships  designed  to  attain  them  must  likewise  be  different. 
Hence  it  would  be  unjust  to  assign  absolutely  to  this  battleship  or  that 

the  temporaiy  fame  which  ma}T  result  from  comparisons  made  of  a  few 
ships  of  different  navies,  since  such  ships,  as  a  matter  of  fact,  do  not 
represent  the  total  efficiency  of  the  different  navies. 

An  examination  made  in  an  absolute  and  not  a  relative  manner  ought 

to  give  much  more  reliable  results  as  to  the  value  of  a  given  ship  as 
part  of  the  fleet  to  which  it  belongs  and  in  which  it  occupies  a  certain 
position  and  cooperates  in  a  certain  manner  with  ships  of  other  types 
in  the  attainments  of  predetermined  aims. 

But  the  question  is  so  complex  and  at  the  same  time  so  elastic  that 
a  good  lecturer  might  be  able  to  demonstrate  in  succession  that  the 
swift  Bogatyr  is  the  best  ship  in  the  world,  that  the  slow  Bulwark  is 
ahead  of  all  other  modern  ships,  or,  finally,  that  the  famous  Katahdm 
is  the  most  formidable  engine  of  warfare  in  a  naval  action. 

Since  we  must  therefore  resort  to  relative  studies — that  is  to  say.  to 
comparisons  of  different  designs  and  different  navies — 1  believe  such 
comparisons  would  be  more  rational  if  they  were  confined  to  ships 

having  similar  aims,  and  perhaps  also  approximately  the  same  dis- 
placement and  character,  thus  obviating  the  danger  of  uniting  cruisers 

and  battleships,  ships  of  10.000  tons  displacement  and  those  of  L6,000 
to  us,  ships  of  a  secondary  navy  and  those  belonging  to  the  most 
formidable  navy  in  the  world. 

A  comparison  of  English  ships  of  the  Royal  Sovereign  type  and 
those  of  the  Majestic  class  or  of  the  older  ships  of  the  Majestic  type 



473 

with  those  recently  built  on  the  same  lines  is  a  study  in  evolution 

which  is  logical,  reliable,  and  of  great  value.  To  extend  the  compari- 
son to  the  latest  ships  of  the  King  Edward  type  is  somewhat  more 

risky,  because  other  factors  bear  down  upon  the  scales,  other  quanti- 
ties enter  into  the  equation,  such  as  constantly  increasing  displacement, 

entirely  different  armament,  etc. ;  but  any  attempt  to  compare  these 
first-class  battleships  par  excellence  with  the  gigantic  cruisers  of  the 

%%y  type  of  12,150  tons  displacement  or  of  the  Drake  class  of  over 
14,000  tons  displacement  would  be  as  futile  as  an  attempt  to  render  an 
equation  homogeneous  when  it  is  not,  or  to  compare,  for  instance,  the 
advantages  of  possessing  a  saddle  horse  with  those  resulting  from  the 
use  of  a  comfortable  armchair  at  the  theater. 

But  while  some  are  fast  and  perilous  and  others  very  slow  and  safe, 
there  may  also  be  found  among  the  variegated  designs  of  modern 

English  ships  "half-breed"  types  which,  halfway  between  the  pre- 
carious 6-inch  armor  of  some  and  the  safe  8.7-inch  armor  of  the  larger 

ships,  have  a  mean  protection  of  7  inches,  which,  however,  is  distrib- 
uted in  an  objectionable  manner,  since  it  leaves  almost  one-third  of 

the  ship  toward  the  stern  unprotected. 
These  ships,  the  Duncan  class,  were  chosen  by  one  of  the  lecturers 

referred  to"  as  a  design,  or  rather  as  a  representative  of  the  British 
navy,  and  we  shall  state  latei  the  reasons  which  in  our  opinion  must 

have  led  to  this  rather  unfortunate  choice.  At  present  we  will  con- 
fine ourselves  to  stating  that  it  is  not  well  in  making  comparisons  to 

take  a  single  design,  because,  as  previously  stated,  it  is  rather  difficult, 

especially  in  the  great  navies,  for  one  type  to  embody  in  its  character- 
istics the  whole  technical  aspect  of  a  navy. 

TOTAL    REM   LTfl    AND    RESULTS    PER   TON    OF    DISPLACEMENT. 

But  that  is  not  all.  Many  systems  of  comparison  of  foreign  navies 
have  attempted  to  determine  the  military  value  of  each  ship  as  a  whole 
instead  of  the  value  per  ton  of  displacement.  The  total  value  of  a 
ship  is  higher  when  her  armor  is  thicker  and  wider,  when  her  guns 

are  more  powerful,  more  numerous,  better  protected,  better  distrib- 
uted, etc.  But  this  tendency  toward  total  supremacy  has  led  to 

increasing  the  displacement  of  the  Royal  Sovereign  class  from  14,000 
to  15,000  tons  in  the  Majestic  and  still  further  in  the  Formidable, 
finally  reaching  L6,000  or  L7,000  tons  in  the  King  Edward  class. 

Affected  by  the  same  mania,  the  United  States  went  from  the  A/a- 
hammoi  LI, 600  tons  to  the  Maine  of  L2,300  ions  and  to  the  original 
Rhode  hlandc\sMA  of  L4,600  tons,  and  will  probably  reach  L6,000tona 
in  the  latest  type,  or  perhaps  thai  figure  has  already  been  exceeded, 
as  would  appear  from  the  report  of  Mr.  Long,  Secretary  of  the  United 

a  Lecture  delivered  at  N«-w  Sort  before  the  Society  ol  Naval  Architect*  and  Marina 
Engineei  ninth  annual  meeting,  November  14,  1001. 
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States  Navy,  submitted  to  Congress,  in  which  the  displacements  of  the 
future  United  States  battleships  and  armored  cruisers  are  fixed  at 
17,604  and  15,960  tons,  respectively. 

It  is  easy  enough  to  increase  the  number  of  eggs  when  you  enlarge 
the  basket,  and  it  is  obvious  that  if  the  enormous  displacements  are 
left  out  of  consideration  in  the  comparisons,  these  ships  which  have 
such  a  high  total  military  value  should  always  hold  the  first  place, 
with  a  larger  number  of  points  of  merit  than  any  others. 

But  we  must  also  take  into  account  the  points  of  demerit.  These 
are  determined  especially  by  two  factors: 

1.  The  speed,  which  is  reduced,  because  the  weight  of  the  machinery 
becomes  enormous  when  it  is  desired  to  keep  the  speed  at  the  same 
height,  or  to  increase  it  in  the  same  proportion  as  the  other  factors, 

such  as  armament,  armor,  etc.  Now,  speed  is  certainly  not  a  negli- 
gible factor,  either  in  single  combat  or  in  squadron  engagements, 

although  some  are  trying  to  demonstrate  the  contrary. 
2.  The  expense  required  to  build  a  division  of  an  aggregate  of  about 

50,000  tons,  which  with  the  same  total  and  final  results  may  consist 
of  three  of  the  largest  ships  of  17,000  tons  each,  or  of  four  ships  of 
12,624  tons  each,  or  finally  of  six  ships  of  8,500  tons  each.  Few  of 
the  lecturers  and  compilers  of  comparisons  have  taken  into  account 
this  financial  and  technical  side  of  the  question,  although  it  is  of  such 
great  importance,  especially  in  the  case  of  the  less  wealthy  navies. 
But  even  the  richest  ones  are  limited  in  their  appropriations,  and 
within  such  limits  they  have  to  solve  the  same  problem,  though  on  a 
larger  scale,  and  for  that  reason  in  a  more  conspicuous  manner. 

In  an  article  published  in  this  Ri vista0  I  have  already  had  occasion 
to  show  that  in  order  to  judge  of  the  technical  value  of  a  solution  we 
should  bear  in  mind  not  the  total  value  attained  by  the  results,  but 

the  unit  value;  that  is  to  say,  the  efficiency  due  to  each  ton  of  displace- 
ment. 1  will  not  fatigue  my  readers  by  repeating  the  arguments,  but 

must  call  attention  to  the  fact  that  the  unit  ton  of  displacement  does  not 

alwa\'s  cost  the  same  amount  of  money,  and  moreover,  that  the  technical 
efficiency  does  not  always  correspond  to  the  political  and  military  effi- 

ciency required  for  different  purposes  predetermined  in  the  case  of 
each  navy. 

I  shall  try  to  explain  my  meaning  more  fully  by  an  example,  for 
before  entering  upon  the  merits  of  the  publications  before  me,  which 
are  ready  to  be  placed  in  the  magic  lantern  to  pass  before  the  eves  of 

the  public,  it  seems  to  me  expedient  to  fully  understand  the  differ- 
ences— whether  hidden  or  apparent,  artificial  or  unconscious  which 

exist  in  the  different  tables  1  intend  to  discus-. 

"Xiiovo  tipo  »li  nave  da  battaglia  (new  type  of  battleship),  December,  Is 
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TECHNICAL   OR   MILITARY   VALUE. 

Constructor  Gillnior,  of  the  United  States  Navy,  has  compiled  a 

comparison  a  of  the  six  most  successful  designs  of  the  six  most  power- 
ful navies,  and  has  done  this  in  a  novel  and  ingenious  manner,  which 

gives  evidence  of  that  practical  sense  which  may  be  characterized  by 

the  phrase,  "He  has  known  how  to  make  many  read  him  and  all 
understand  him." 

In  the  details  of  the  article,  which  I  shall  hereinafter  sum  up  as 
briefly  as  possible,  he  has  conformed  to  the  idea  of  units  and  not  to 
that  of  totals;  and  from  the  quotients  obtained  by  dividing  the  points 
of  value  of  each  ship  by  the  respective  displacement,  he  has  arrived  at . 
an  order  of  merit  in  which  the  first  place  is  assigned  to  the  Vittorio 
Emanuele. 
What  are  we  to  infer  from  this  ?  Is  it  the  intention  to  demonstrate 

by  this  comparison  that  the  other  navies  have  failed  or  that  they  have 
solved  the  problem  less  successfully?  Are  we  to  infer  from  this 
result  that  if  the  Vittorio  were  to  meet  an  enemy  like  the  Virginia 
(though  a  ship  which  has  been  so  courteous  to  us  in  the  strife  described 
by  Mr.  Gillmor,  and  for  that  reason  has  obtained  only  47  points  of 
merit  to  the  52  of  the  Vittorio  could  never  be  our  enemy)  she  would 
be  able  to  defeat  her? 

The  essential  point  in  the  comparisons  is  this:  A  politician,  for 
instance,  may  prefer  the  last  type  inthe  list  to  the  first  one,  because 

the  former  is  better  adapted  to  his  country's  colonial  aims.  A  finan- 
cier might  ask  that  opposite  each  point  of  merit  be  shown  the  sum 

with  which  the  budget  is  to  be  charged  on  its  account,  knowing  that  the 
available  means  are  by  no  means  unlimited.  An  admiral,  rather  than 
consider  the  total  displacement  and  cost  of  the  ships,  would  look  out  for 
the  formation  of  homogeneous  groups,  for  the  utilization  of  the  materiel 
on  hand,  and  for  the  empty  places  which  must  be  filled  in  order  to 
engage  in  such  actions  of  offense  as  he  may  consider  most  promising 
against  a  determined  foe.  A  naval  constructor  will  perhaps  approve 
fully  only  that  design  which  takes  into  account  all  the  technical  factors 
that  concur  to  create  the  total  efficiency  and  consider  the  relative  value 
of  all  these  factors,  leaving  out  of  the  question  political  aims,  the  cost 
of  fleets,  and  the  plan  of  attack  which  varies  with  each  commander  in 
chief. 

The  Vittorio  alone  against  the  Virginia  alone  would  make  good  the 
five  points  of  superior  merit  assigned  to  her,  perhaps  even  more. 

Five    VittorioB  against  five    Virginias  would  perhaps  not  succeed  in 
defeating  their  enemies,  and  the  points  of  merit  would  disappear. 

I  have  chosen  the  Virginia  (United  Stales),  and  not  the  "half- 

o  Scientific  American,  Supplement,  November  80,  L901;  Nautical  Gazette,  Novem- 
ber 28,  L901. 
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breed"  Duncan  (British),  nor  the  much  admired  Mikasa  (Japanese), 
nor  the  well-protected  Borodino  (Russian),  nor,  finally,  the  weaker 
Wittelsbach  (German),  all  of  which  are  included  in  the  comparison, 
for  the  very  simple  reason  that  these  ships,  with  the  exception  of  the 

Virginia,  are  armed  only  with  numerous  6-inch  guns,  which  can  not 
perforate  the  Vittorio  Ernanuele  anywhere,  since  even  her  upper-belt 
armor  is  7.9  inches  thick,  so  that  in  battle  (except  with  torpedoes)  all 
the  services  to  be  performed  on  board  will  be  so  protected  that  it  may 
be  said  that  not  even  the  head  of  a  sailor  need  show  itself  outside  of 

that  8-inch  face-hardened  steel.  The  large  slow-firing  guns  at  the  bow 
and  stern,  with  their  limited  supply  of  ammunition,  do  not,  in  my 
opinion,  determine  the  character  of  the  battle  during  the  first  and 
most  important  part  of  the  action.  I  remember,  with  deference  and 
veneration,  the  forcible  saying  which  our  much  revered  Benedetto  Brin 

used  frequently:  "Remember  that  the  heavy  guns  are  intended  for 
going  close  up  to  the  enemy  and  giving  him  a  final  thunderbolt  to  send 

him  to  the  bottom." 

POLITICAL   AND   ECONOMIC   CRITERIONS. 

This  example  with  which  I  wished  to  preface  the  setting  forth  of 

the  different  systems  of  comparison  of  foreign  ships  shows  the  com- 
plex, many-sided  and  artificial  aspect  of  the  question. 

To  merge  together,  tr  ith  equilibrated  coefficients  of  importance,  so 
many  different  factors  is  well  nigh  impossible. 

Perhaps  it  would  be  more  rational,  instead  of  comparing  single 
types,  to  compare  them  as  a  whole  in  their  relation  to  the  fleet.  We 
could  then  assume  for  each  navy,  instead  of  a  single  design,  several 
different  ones  chosen  in  such  manner  as  to  represent  on  a  small  scale 
the  characteristic  features  of  the  navy  to  be  considered,  the  same  as  a 

differential  contains  the  embryos  of  an  integral.  Then,  setting  oppo- 
site each  type,  besides  the  point  of  value,  also  the  point  of  cost  per  ton 

of  displacement,  multiplying  both  of  these  figures  by  the  number  of 
units  of  each  type  owned  by  said  navy,  and  finally  getting  the  two 
grand  totals  of  the  points  of  merit  and  of  cost,  we  should  have  a  more 
logical  idea  of  the  technical  value  of  each  navy  and  of  its  financial 

value.  The  types  would  disappear  with  their  individual  characteris- 
tics, which  have  different  values  when  taken  separately  and  not  in  con- 

junction with  the  characteristics  of  the  others,  and  we  should  have  an 

integration  wdrich  at  first  sight  might  not  appear  homogeneous,  but 
which  could  be  improved  upon  by  excluding  the  smaller  types  and 

considering  only  the  first-class  armor-clads  of  each  navy.  By  divid- 
ing the  total  of  the  points  of  merit  by  the  number  of  ships  we  should 

have  the  mean  merit  of  a  given  organization,  and  by  dividing  the  total 
of  the  cost  by  the  number  of  ships  under  consideration  we  should  have 
the  average  cost  per  ton.      Finally,  by  dividing  again  this  cost  per  ton 
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by  the  merit  per  ton  we  should  know  from  the  quotient  how  much  each 
point  of  military  merit  embodied  in  a  ton  of  displacement  of  the  whole 

fleet  has  cost  the  country.  We  should  thus  have  before  our  e}^es  only 
three  figures,  which  might  form  a  foundation  for  discussions  and  val- 

uations, without  the  danger  of  being  carried  away  b}^  personal  sym- 
pathies toward  favoring  one  or  the  other  particular  design. 

The  first  two  figures  would  represent,  respectively,  the  merit  of  the 

whole  naval  power  from  a  military  standpoint  and  the  economic  effi- 
ciency attained  by  each  design,  and  finally  the  quotient  would  tell  us 

which  nation  has  used  to  the  best  advantage  the  funds  which  the  coun- 
try has  voted  for  it.  If  opposite  these  figures  we  place  the  sum  of 

the  general  budget  of  the  nation,  the  financier  could  gain  a  relative 
idea  of  the  importance  assigned  to  the  navy  in  the  administration  of 
each  nation.  The  extent  of  the  foreign  or  colonial  policy  might  be 
considered  by  the  statesman  according  to  weight  and  merit  from  these 
partial  figures  relating  to  cruisers  or  battleships  only.  Finally,  by 
inquiring  into  the  designs  and  the  number  of  ships  built  of  each 
design,  the  naval  constructor  could  deduce  the  technical  reasons  to 
which  the  figure  representing  the  military  value  of  each  battle  fleet 
must  be  ascribed. 

The  systems  for  making  comparisons  are  legions.  It  is  not  with 
the  intention  of  suggesting  additional  ones  that  I  have  indicated  these 
summary  ideas,  which  should  not  be  lost  sight  of  in  the  valuation  of 
the  total  efficiency  of  designs  of  ships.  My  intention  was  merely  to 
show  more  clearly  the  defects  of  some  of  the  comparisons  which  I  am 
about  to  set  forth,  and  which,  by  assigning  excessive  value  to  some 

factors  to  the  detriment  of  others,  are  in  danger  of  reaching  inaccu- 
rate, illusive,  and  artificial  conclusions. 

COMPARISONS   BY   INSTINCT. 

The  Engmeer  of  October  18,  1901,  for  instance,  has  published  a 
comparison  of  some  battleships  which  deserves  attention  on  account 
of  the  final  conclusions  to  which  we  should  be  led,  if  we  were  to  adopt 
this  system  for  establishing  an  order  of  merit. 

The  anonymous  writer  of  this  article  deems  it  unnecessary  to  take 
into  consideration  the  armor  protection,  speed,  and  radius  of  action  of 
the  different  ships  and  cares  nothing  for  the  displacement.  Of  the 

armor  protection  lie  says  that  "without  any  straining  of  probabilities 
we  may  therefore  put  the  knock-out  blow  from  penetration  of  a  belt 
in  the  same  category  as  a  machinery  breakdown;  that  is  to  say,  count 

a  negligible  factor  in  determining  a  general  value." 
But  thai  is  not  all.  Not  even  the  energy  of  tire  of  the  guns  is,  in 

the  eyes  of  the  author,  an  efficient  factor  in  the  determination  of  the 
offensive  power,  and  he  substitutes  a  new  method  which  may  be  called 

arithmetical,  because  it  is  based  on  (In-  elementary  rule  that  2  {  2  =  4. 
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He  says  that  two  6-inch  guns  are  equivalent  to  one  12-inch  gun,  and 

for  fear  that  some  people  may  differ  with  him  he  adds:  '"This,  of 
course,  is  accepted  all  over  the  world  as  an  approximate  truth." 
Those  who  have  wasted  many  years  at  universities  in  order  to  acquire 
a  knowledge  of  the  higher  mathematics  may  well  feel  sorry  that  they 
did  not  stop  at  the  four  elementary  operations,  for  with  a  little 

approximation  they  would  be  more  than  sufficient  for  these  computa- 
tions of  the  author.  They  remind  me  of  a  man  who  once  suggested 

to  me  a  very  simple  method  for  designing  the  engine  of  a  new  lake 

gunboat,  which  was  to  develop  one  and  one-half  times  the  horsepower 
of  the  old  one;  this  was  to  make  the  cylinders  one  and  one-half  times 
the  diameter  of  those  of  the  Gugliehna  Pepe! 

Having  cleared  the  ground  of  this  trifling  question  the  author  pro- 

ceeds posthaste  to  exclude  speed.  "Speed  and  handiness, '*  he  says, 
"for  equal  data  are  usually  about  equal  *  *  *  the  ship  that  is 
better  armed  and  armored  has,  in  90  per  cent  of  cases,  superiority  in 

speed  and  handiness." 
If  we  put  together  this  90  per  cent  approximation  and  that  of  the 

above-mentioned  rule  of  arithmetic  we  shall  reach  the  author's  conclu- 

sion, which  excludes  the  displacement.  "Of  displacement  we  have 
taken  no  count,  the  reason  being  that  to  possess  a  superiority  of  guns 
and  armor,  together  with  the  increased  speed,  handiness,  etc..  for 
which  all  naval  architects  aim.  increased  displacement  is  an  implied 

necessity,  and  chiefly  a  strategical  quality." 
We  might  go  on  gleaning  among  these  blossoms  of  results  in  the 

system  of  valuation  "by  instinct,"  but  I  prefer  to  reap  at  once,  and 
not  keep  the  reader  longer  in  suspense.  The  victor  in  the  competi- 

tion is,  of  course,  the  New  Jersey,  because  she  is  the  largest  of  all, 
and  hence  has  more  guns  than  all  the  others. 

COMPARISONS   ACCORDING   TO   ENERGY   OF   FIRE. 

Let  us  pass  on  to  another  system.  We  have  had  occasion  before 

(see  Revi&ta  Marittima,  December  1899,  p.  144)  to  mention  a  classifi- 
cation bv  Lord  Brassey,  a  recognized  authority  in  naval  matters  (see 

Brassey^ 8  Annual ^  1899,  p.  178),  compiled  according  to  the  energy  of 
fire  developed  in  a  given  unit  of  time  by  the  guns. of  all  the  modern 
first  and  second  class  ships,  hence  on  the  basis  of  a  single  one  of  the 
factors  excluded  in  the  system  referred  to  in  the  preceding  chapter. 

In  Brassey's  comparisons  the  Regina  Margherita  came  out  second 
among  the  first  and  the  JFerruccto  first  among  the  second  class  ships. 
These  ships  represented  at  that  time  (1898)  the  best  types  of  the  Italian 
navy. 

A  friend  of  mine,  who  is  fond  of  joking,  said  to  me  that  in  olden 
times  Caesar  might  have  preferred  being  first  in  a  small  town  in  the 

Appenines  to  being  second  in  the  city  of  Rome,  but  that  nowadays  apho- 
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risms  are  misfires  when  it  comes  to  the  question  of  guns,  because  the 

twelve  <>-inch  guns  of  the  Ferruccio,  placed  all  in  one  line,  with  their 

total  energy  of  324,520  kilometer-kilograms  (1,044,954  foot-tons), 
would  never  succeed,  under  battle  conditions,  in  piercing  a  6-inch 
Krupp  armor  in  the  given  period  of  5  minutes,  for  the  simple  reason 

that  the  ogival  heads  of  the  numerous  projectiles  fired  in  the  live  min- 
utes are  not  in  the  habit  of  all  entering  the  same  hole.  And  this  friend 

added  that  if  the  ogival  heads  were  drill-points  they  might  finally  suc- 
ceed in  making  the  hole  which  an  8-inch  shell  would  make  at  one  blow, 

with  an  energy  of  onl}T  49,110  kilometer-kilograms  (158,134  foot-tons). 
But  1  had  cited  my  authority,  and  so  could  not  be  accused  of  par- 

tiality in  showing  up  the  merits  of  Italian  ships  as  compared  with  for- 
eign ones,  when  such  merits  had  been  recognized  by  a  foreigner  who, 

moreover,  is  a  very  competent  man. 
1  have  since  tried  to  improve  on  the  accuracy  of  the  comparisons  by 

introducing,  as  will  appear  later,  another  factor,  neglected  by  Lord 

Brassey,  namely  the  maximum  perforation  attainable  by  the  largest- 
caliber  gun  of  each  ship.  This  new  factor  is  certainly  of  importance, 

because  in  the  comparison  it  keeps  a  vessel  having  one  hundred  4-inch 
guns  from  defeating  a  battleship  having  four  12- inch  guns,  outside  of  the 
secondary  battery.  Through  the  introduction  of  this  additional  point 

of  merit  for  the  maximum  perforation  attainable  by  the  largest-caliber 
gun,  a  slight  superiority  is  assigned  to  the  ships  capable  of  firing  that 
thunderbolt  intended  to  send  the  enemy  to  the  bottom  in  the  second 
and  final  part  of  an  action.  Ships  of  the  Bogatyr,  Garibaldi,  Asama, 
and  Fttiberto  types,  and  all  the  German  and  Austrian  ships  armed  only 

with  9.4-inch  guns,  suffer  somewhat  in  the  comparison,  but  on  the 
other  hand  the  imputation  previously  mentioned  relative  to  drill- 
point  heads  of  shell  no  longer  endangers  the  conclusions  reached. 

COMPARISONS   WITH    IMAGINARY   DESIGNS. 

In  a  lecture  held  before  the  Congress  of  Naval  Architecture  and 
Construction  at  Paris  (Lea  trois  fusions  futures,  by  V.  E.  Cuniberti, 

July,  1900)  I  had  an  opportunity  of  testing  such  a  system  in  compar- 
ing 30  ships  of  different  designs.  By  choosing  for  each  navy  several 

of  the  most  prominent  designs  one  may  gain  a  better  idea  of  the  dif- 
ferent navies  than  by  selecting  one,  for  the  reasons  above  set  forth, 

lint  there  is  the  drawback  of  comparing  displacements  and  types 
which  differ  from  each  other,  to  the  obvious  detriment  of  the  smaller 
typ< 
To  avoid    such   errors,  partly  at  least,  I    have  considered  only  the 

unit  efficiency  thai  is,  the  efficiency  per  ton  of  displacement  which 
I  have  previously  mentioned,  and  in  order  to  render  it  possible  to  add 
the  different  efficiencies  I  have  reduced  them  bo  decimals  in  the  follow- 

ing manner: 
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As  a  type  ship  an  imaginary  ship  was  assumed  embodying  all  the 

best  features  of  the  36  ships  compared — that  is,  being  equipped  with 
the  most  powerful  guns  of  those  36  ships,  protected  after  the  manner 
of  the  best  armored  ship,  having  a  speed  equal  to  the  fastest  one,  and 

a  radius  of  action  equal  to  that  of  the  ship  "having  the  longest  legs 
and  most  ample  lungs "  of  all.  But  the  special  ideal  merit  of  this 
unattainable  ship  was  that  it  inclosed  all  these  properties  in  a  moderate 
displacement,  the  influence  of  which  was  constantly  introduced  into 
the  computation  by  substituting  for  the  absolute  values  of  the  points 
of  merit  their  relative  values  per  ton  of  displacement  as  compared 
with  this  type  ship.  For  instance,  if  we  examine  the  table  in  which 
the  principal  results  of  this  comparison  are  summed  up,  we  shall  see 
that  for  the  maximum  protection  per  ton  the  Karl  VI  of  the  Austrian 
navy  has  the  largest  number  of  points  of  merit,  because  the  designer 
of  that  ship  has  known  how  to  give  a  thickness  of  8.7  inches  to  the 
armor  of  a  ship  which,  besides  being  well  armed  and  of  considerable 
speed,  displaces  only  6,240  tons  of  water.  Hence,  to  each  1,000  tons 
displacement  she  has  1.37  inches  armor,  while  the  Garibaldi,  although 
likewise  well  protected  as  compared  with  her  moderate  displacement, 

has  only  0.79  inch;  the  Russian  Bayan,  of  almost  the  same  displace- 
ment, 1.02  inches;  the  French  Charlemagne,  which  is  much  larger, 

1.06  inches;  and  the  United  States  Mame,  of  12,500  tons,  0.95  inch. 
In  order  to  reduce  these  efficiencies  per  ton  to  decimals,  the  maximum 

value  1  has  been  assigned  to  the  Karl  VI;  consequently  the  corre- 
sponding value  of  the  Garibaldi  was  0.58;  that  of  the  Bayan,  0.75; 

that  of  the  Charlemagne,  0.77,  and  that  of  the  Maine,  0.69. 
The  same  for  speed.  To  each  1,000  tons  of  displacement  the  Karl  VI 

has  the  speed  of  only  3.2  knots,  while  the  Bogatyr,  whose  speed  is  23 
knots,  obtains  the  highest  figure  of  merit,  namely.  3.8  knots  to  each 
1,000  tons  of  displacement,  or  0.0038  per  ton  of  displacement.  To 
her,  therefore,  was  assigned  the  decimal  efficiency  1  for  speed,  while 
that  of  the  Karl  VI  is  only  0.78. 

It  will  at  once  be  understood  from  these  brief  explanations  that  the 

ship  which  has  the  maximum  efficiency  in  each  case — that  is  to  say,  1 
for  each  of  the  five  characteristics  under  consideration,  namely,  arma- 

ment, perforation,  protection,  speed,  and  radius  of  action — will  attain 
the  largest  total  of  these  efficiencies,  namely,  5. 

But  this  value  of  5  can  be  assigned  only  to  the  imaginary  type  ship 
which  I  have  assumed  for  comparison,  while  the  actual  ships  will 
approach  this  value  more  or  less  according  as  the  partial  decimal 
efficiencies  will  be  more  or  less  high  and  capable  of  raising  the  total 
efficiency. 

COMPARISONS   OF    DIFFERENT   FLEETS. 

This  system,  as  stated  at  the  outset,  has  the  defect  of  comparing 
ships  of  different  displacement^  and  types;  but  taken  as  a  whole  the 
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.ships  of  a  power  give  a  better  idea  of  its  navy  than  when  each  navy  is 
represented  by  a  single  ship  which  can  not  embody  the  merits  of  all 
the  others. 

France,  which  in  the  Desaix  with  a  4-inch  armor  belt  obtains  a  total 
figure  of  merit  of  1.96,  and  in  the  Guichen,  less  well  protected,  of 
only  1.38,  has,  on  the  other  hand,  in  the  Henri  IV,  2.58,  because  the 
latter  ship,  though  of  limited  speed,  is  very  well  designed  as  to  her 

armament,  especially  her  11-inch  armor,  with  the  very  moderate  dis- 
placement of  less  than  9,000  tons.  The  Montcalm]  protected  only  with 

6-inch  armor  and  less  well  armed,  goes  down  to  2.01  of  total  war 

effieienc}\  followed  closel}7  by  the  Conde  with  1.94  and  the  Jeanne 
<I Arc  wifh  1.74.  But  even  the  Jena,  Charlemagne,  and  Suffren  t}rpes 
compare  well  with  each  other  if  it  is  not  desired  to  compare  them  with 

the  above-named  cruisers;  their  respective  points  of  merit  are  2.64, 
2.97,  and  2.70,  for  while  the  Suffren  has  two  more  6.5-inch  guns  than 

the  Jena,  her  armor  is  inferior  to  that  o*f  the  Charlemagne,  which 
displaces  1,500  tons  less. 

The  same  considerations  appl}T  to  England.  The  table  of  compari- 
sons comprises  only  10  English  designs,  representing  about  60  ships, 

but  they  are  sufficient  to  give  an  idea  of  that  powerful  navy,  which, 
tated  before,  can  not  be  represented  by  the  Duncan  alone.  In 

fact,  in  the  classification  this  ship  has  the  figure  2.06,  which  is  natur- 
ally more  than  that  of  the  less  well  protected  and  armed  Drake,  namely, 

1.35,  and  of  the  Powerful,  with  still  less  armor,  but  almost  the  same 
armament,  which  is  only  1.19.  To  judge  of  the  new  conceptions  which 

were  carried  into  effect  after  the  construction  of  the  Powerful  it  suf- 
fices to  compare  the  Diadem  with  the  Kent,  of  which  latter  tjpe  a 

number  of  ships  have  been  built.  Both  lack  heavy  guns,  and  they 

have  respectively  ten  and  fourteen  6-inch  guns,  but  the  latter  with  a 
displacement  has  been  able  to  attain  a  speed  of  2  or  3  knots 

more  than  the  former,  in  spite  of  her  4-inch  armor  at  the  water  line, 
the  use  of  which,  to  tell  the  truth,  1  do  not  quite  understand. 
How  has  this  double  improvement  been  brought  about?  At  the 

expense  of  what?  The  22,000  horsepower  must  surely  weigh  more 
than  the  L7,000  of  the  Diadem,  and  where  has  the  weight  of  the  armor 
been  cu(  down?  It  is  a  fact,  nevertheless,  that  the  Kent  class  is  much 
superior  to  the  Diadem  type,  the  former  having  a  value  of  L.51,  as 
against  l  of  the  latter. 

But  passing  from  the  cruisers  to  the  battleships  we  sec  that  from 
the  Renown  to  the  Ccmopus  there  has  been  an  improvement  in  the 
heavy  armament,  and  therefore  the  figure  of  merit  has  risen  from  L.54 

to  'i.  is.  while  the  value  of  the  old  Majestic^  which  is  L.92,  has  risen  bo 
only  l.!>7  in  the  improved  and  faster  ForraidahU  type. 

From  this  brief   examination  it  will  he  understood  why  the  DtmOOtl 

has  been  -elected  :i-  the  l>e-t  repiv-ental  i  \  6  of  English  designs,  for  she 
L800    02-      81 
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appears  in  this  table  with  a  value  of  2.06,  which  is  superior  to  that 

of  all  the  other  English  types. — [Translator's  note. — The  Canopus 
appears  in  this  table  with  a  value  of  2.18.] 

Italy,  finally,  is  represented  by  six  types,  which  are  the  latest  ones 

designed  for  our  Navy. 

The  Re  Umberto,  Sardegna,. and  Sicilia,  which  occupied  the  first 

place  in  the  comparison  of  1893,  of  which  I  shall  speak  later,  reach  at 

present  a  value  of  only  1.47,  while  the  Filiberto  goes  up  to  2.30  and 

the  Regina  Margherita  to  2.53,  especially  because  these  ships  have 

good  secondary  batteries,  and  for  that  reason  the  maximum  rapidity 

of  loading  has  been  taken  into  account  in  the  determination  of  the 

total  energy  of  fire.  But  it  should  be  remembered  that  this  rapidity 

will  be  considerably  reduced  when,  instead  of  rapid  practice  firing, 

ordinary  firing  is  done  in  battle  where  accurate  aiming  is  required. 

In  that  case  the  figure  of  merit  for  the  Re  Zhiberto  would  become 

1.42;  for  the  Filiberto,  2.17;  for  the  Reg ina  Margherita,  2.50;  and  for 

the  new  Garibaldi,  Ferruccio,  etc.,  2.99. 

If  we  add  to  the  original  table  the  Yitborio  Emanuele,  she  would 

carry  off  a  figure  of  merit  of  3.30,  which  is  superior  to  that  of  any  of 

the  types  included. 

The  table  compiled  in  1900  includes  also  the  battleship  design  of 

about  8,000  tons,  of  which  four  were  to  be  built  by  private  industry 

under  Bettolo's  administration.  This  ship  has  given  origin  to  the 
Vittorio  Emanuele,  but  for  one  of  the  six  turrets  for  twelve  8-inch 

guns  a  more  powerful  armanent  has  been  substituted,  which  is  capa- 

ble of  perforating  12  inches  and  even  thicker  belts,  and  the  displace- 
ment has  been  raised  a  few  hundred  tons  beyond  the  8,000. 

The  efficiency  of  this  ship  would  be  about  4.32  in  the  table,  surpass- 

ing all  others,  and  would  perhaps  reach  a  still  higher  figure  if  the  dis- 
placements  were  increased,  even  though  the  maximum  speed  of 

knots  could  not  quite  be  reached.  But  to  attain  these  results  we  must 

conform  to  the  special  shapes  of  hulls  set  forth  in  this  Rivista  (Rivista 

Ma/rittima,  January,  1901,  page 41:  Programmi  navali  o  tipi  di  navi)  and 

analogous  shapes  as  designed  by  my  colleague  Soliani  for  a  displace- 

ment only  a  little  larger.  And  it  is  quite  possible,  in  view  of  the  dis- 
cussions which  have  taken  place  on  this  subject  abroad,  the  publications 

in  ScJt  iff  ban  and  the  Mariru  -Rundschau,  and  the  lecture  of  Constructor 

Sabath,  that  this  t}'pe  has  served  as  the  basis  for  different  studies 
made  in  one  of  the  principal  northern  navies,  and  that  it  has  at  the 

same  time  induced  a  secondary  navy,  further  remote  from  us.  to  turn 

its  eyes  to  that  type,  and  to  the  modifications  of  which  it  may  admit, 

and  we  look  forward  to  seeing  it  carried  into  effect  so  as  to  demon- 
strate still  further  the  correctness  of  our  design,  although  it  has  been 

attacked  by  some  constructors  in  Italy,  who  affirm  that  it  is  impossible 

with  about  8,500  tons  displacement  to  carry  into  action,  at  the  high 
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rate  of  speed  of  22  or  23  knots,  an  armament  of  ten  or  twelve  8-inch 

guns,  well  protected  in  turrets,  besides  the  6-inch  guns  inclosed  in  the 
batter  \\  with  a  limited  field  of  fire. 

COEFFICIENTS   OF   IMPORTANCE    OF   THE   CHARACTERISTICS. 

One  of  the  most  justifiable  objections  that  might  be  raised  to  these 

comparisons  is  that  to  none  of  the  characteristics — energy  of  fire,  per- 
foration, protection,  speed,  and  radius  of  action — coefficients  of  impor- 

tance are  assigned  according  to  which  their  influence  upon  the  total 

efficiency  could  be  graded. 
What  we  have  done  is  to  reduce  to  decimal  fractions  each  absolute 

value,  or  value  per  ton  of  displacement,  and  then  to  add  all  these  par- 
tial values,  giving,  erroneously  perhaps,  in  all  the  types  the  same 

weight  to  the  radius  of  action  as  to  the  armament,  the  same  to  the 

speed  as  to  the  protection,  etc. 
Now,  if  there  were  no  divergence  among  the  different  types  there 

would  be  no  merit  in  giving  them  numerical  values  for  the  sake  of 

comparison.  Hence  the  whole  skill  consists  in  "  not  too  openly  carry- 

ing water  to  our  own  mill "  by  assigning  excessive  values  to  some 
characteristics  which  are  in  our  favor  and  by  underestimating  others 

which  we  do  not  possess.  And  here  lies  the  danger  which  may  arise  from 

the  use  of  coefficients  of  importance,  which  are  a  matter  of  personal 

opinion  and  should  therefore  not  find  a  place  in  a  fair  judgment.  On 

the  other  hand  it  would  not  be  rational,  in  order  to  avoid  that  danger, 

to  confront  the  other  one  of  putting  all  the  characteristics  on  the  same 

footing,  were  we  not  comforted  by  the  thought  that  the  political  aims 

of  a  given  navy  are  different  from  those  of  other  navies,  and  this  fact 

renders  it  necessary  to  give  to  those  nations  which  are  rich  in  steam- 

er- and  colonies  a  high  coefficient  for  the  steaming  radius  of  their 
types,  while  for  other  countries,  whose  sphere  of  action  is  more 

ricted,  the  same  coefficient  would  no  longer  be  proper.  The  same 

applies  to  speed,  which  is  needed  more  by  some  nations  than  by 

other-,  while  armament  and  protection  are  to  a  greater  degree  com- 
mon requirements  of  all.  For  these  reasons  we  have  chosen  the  lesser 

of  two  e\  il>     that  of  using  equal  values  for  all. 

The  assignment  of  coefficients  of  importance  to  the  different  factors 

constituting  the  efficiency  of  a  ship's  type  is  not  only  a  difficult  mat- 
ter, and,  as  stated  above,  incompatible  with  the  different  aims  of  the 

different  powers,  but  it  is  also  work  of  transitory  worth,  because  the 

value  of  ji  weapon,  the  efficacy  of  a  type  of  armor,  the  efficiency  of  a 
given  velocity,  may  be  affected  disproportionately  in  the  course  of  a 

few  years  by  some  essential  change  in  the  arrangement  of  the  interior 
protection,  the  manufacture  of  the  outer  armor,  the  use  of  explo- 

sives, etc. 

Without  going  back  to  th<-  systems  used  by  Marshall  and  Barnaby 
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in  the  determination  of  the  value  of  a  ship  and  comparison  of  tne 
same  with  others,  we  will  cite,  in  support  of  the  difficulty  above 
referred  to,  the  complicated,  but  ingenious  system  which  appeared  in 

the  report  on  the  naval  budget  for  1893-94  for  comparing  the  Italian 
navy  of  that  time  with  the  French.  Anyone  who  will  undertake  to 
plunge  into  a  study  of  this  system  and  its  conclusions  will  find  that 
the  views  of  the  reporter  of  that  budget  were  both  wide  and  deep. 

We  will  confine  ourselves  to  showing  how  great  the  influence  of  the 
few  years  which  have  elapsed  since  then  has  been  on  the  values 
assigned  to  the  coefficients  of  the  four  factors  considered  in  said  report; 
namely,  armament,  torpedo  tubes,  armor,  and  speed.  Of  the  radius 
of  action,  a  strategic  rather  than  tactical  attribute,  the  author,  the 
Honorable  Bettolo,  has  taken  no  account  in  the  determination  of  his 

coefficient  of  the  military  efficiency  of  battleships,  and  the  formula 
which  sums  up  and  determines  such  efficiency  is  as  follows: 

K    Displ.  fd     x/n  ;  S   [l0.2+(s-10)]     V\ 
15,000  VM^-g"  580  20^ 

wherein  K  represents  the  coefficient  of  age;  d,  the  energy  of  fire  in 

kilometer-kilograms;  M,  a  million  kilometer-kilograms  assigned  to  the 
type  ship  of  15,000  tons  displacement;  N,  the  number  of  torpedo  tubes; 
S,  the  ratio  between  the  protected  area  and  the  total  area;  s,  the  maximum 
thickness  of  the  armor  in  centimeters;  V,  the  speed  of  the  ship  in 
knots. 

The  coefficient  of  age,  which  is  assumed  to  be  1  for  modern  ships 
(1886  to  1893)  sinks  gradually  to  0.5  for  ships  built  prior  to  1865.  and 

the  value  ($— 10)  represents  the  thickness  of  the  armor  after  deducting 
therefrom  the  10  centimeters  preceding,  which  are  raised  to  the  square. 
Upon  an  examination  of  this  formula  it  will  at  once  be  noticed  that 

by  putting  the  displacement  in  the  numerator  too  much  weight  is 
allotted  the  ships  approximating  15,000  tons,  while  the  power  is  reduced 

one-half,  other  conditions  being  equal,  where  the  displacement  approx- 
imates 7,500  tons.  And  by  comparing  the  Italian  ships  Lepanto, 

Sicilia,  Sardegna,  and  Re  Umberto,  which  have  large  displacements, 
with  the  generally  smaller  French  ships  there  is  evidently  on  the 
above  assumption  a  considerable  advantage  in  favor  of  the  large  ships. 
The  first  place  in  the  order  of  merit  of  Italian  and  French  ships  being 

occupied  by  the  Sardegna,  with  a  figure  of  merit  of  0.493.  which  i> 
far  superior  to  that  of  any  of  the  French  ships  of  about  10,000  tons. 
and  even  superior  to  that  of  the  Charles  Martel  and  of  the  Bouvet, 

whose  respective  values  are  0.4*27  and  0.435,  although  the  speed  of  the 
former  is  one  knot  more  than  that  of  the  latter,  but  the  secondary 

armament  of  the  former  is  slightly  inferior.  But  since  the  Chat 
Martel  has  400  tons  less  displacement,  it  is  obvious  that  she  could 
increase  the  number  of  her  small  guns  as  much  as  desired  and  still 
retain  a  superiority  in  speed  over  the  Bouvet. 
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Nowadays  the  lesser  displacement  is  considered  a.  point  of  merit 
instead  of  amounting  to  a  reduction  of  efficiency,  as  would  be  the  result 
if  we  were  still  to  apply  that  formula. 

If  we  now  proceed  to  examine  the  comparisons  of  the  armor,  we  shall 

perceive  that  the  budget  reporter  has  assigned  great  importance  to  the 

10-centimeter  (4-inch)  armor  of  the  Sardegna,  because  "besides  pos- 
sessing the  faculty  of  arresting  the  projectiles  of  small-caliber  guns,  it 

also  answers  the  purpose  of  attenuating  the  effect  of  large  projectiles 
with  high  explosive  charges;  because  it  prevents  them  from  exploding 
in  the  interior  of  the  ship  and  causes  them  to  burst  at  the  first  impact. 

Moreover,  in  view  of  the  fact  that  heavy  armor  plate  has  a  propor- 
tionate resistance  greater  than  the  thickness,  but  less  than  the  square 

of  such  thickness,  the  formula  contains  the  first  10  centimeters  raised 

to  the  square  and  the  remaining  thickness  in  the  first  power  only." 
Therefore,  in  the  numerator  the  area  of  the  armor  (or  rather  the  ratio 
between  the  protected  part  and  the  total  lateral  area  of  the  ship)  is 
multiplied  not  by  the  thickness  of  the  armor  plate,  which  is  10  in  the 

Sardegna  and  45  in  the  Charles  Martel  and  Bouvet  types,  but  by  102, 
or  100,  in  the  case  of  said  Italian  ships,  and  by  102+35  in  the  case  of 
the  Bouvet.  The  denominator  is  computed  for  the  type  ship,  with 
complete  armor,  4  meters  (13.12  feet)  wide  and  55  centimeters  (21.65 
inches)  thick,  as  follows: 

-X4  (102  +  55-10)=580. 

Aside  from  the  consideration  that  even  prior  to  1893  to  assign  100 

points  to  the  armor  of  the  Sardegna  and  only  one-third  more* or  35 
points,  to  an  armor  four  and  one-half  times  as  thick,  like  that  of  the 
French  ships,  would  seem  to  attribute  too  high  a  value  to  the  func- 

tions causing  the  detonation  of  shell,  it  is  obvious  that  at  present,  in 

any  event,  this  valuation  would  be  inaccurate,  the  same  as  that  relat- 
ing to  the  influence  of  the  displacement,  previously  referred  to; 

because,  with  the  improved  processes  of  armor  manufacture  and  the 

substitution  of  semi-armor-piercing  shell  for  high-explosive  shell  with 
thin  walls,  the  protection  of  ships  of  the  Sardegna  type  has  become 
wholly  inefficient. 

Without  going  into  details  as  to  the  other  factors,  namely,  the 
rational  decrease  of  the,  energy  of  lire,  with  the  decrease  of  the  caliber 

of  guns,  in  order  to  determine  the  maximum  perforation  of  the  heavy 

guns,  ill*-  reduction  to  the  square  root  of  the  number  of  torpedo  tubes 
(six  have  been  assumed  for  the  type  ship),  in  order  to  determine  the 
total  quantity  of  gun  cotton  and  its  dest ructive  effects,  and  finally, 
without  pointing  out  the  influence  of  the  use  of  the  firs!  power  in  the 
value  of  the  Speed  of  the  ship  under  consideration  as  compared  wit h 

the  20-knot  type  ship,  we  may  conclude  that  the  formula  could  hardly 
be   applied    nowadays   without   arriving   :tt    conclusions   which   would 
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little  conform  to  modern  ideas  as  to  the  total  efficiency  of  a  battleship. 
Perhaps,  when  properly  modified,  the  formula  might  still  represent 

the  present  situation  of  the  coefficients  referred  to  in  their  relation  to 

each  other  and  with  regard  to  the  imaginary  ship  taken  as  a  pattern, 
having  the  maximum  requirements  within  a  minimum  displacement. 
But  we  should  remember  that  nowadays  it  is  better,  for  the  purpose 
of  comparison,  to  assume  an  imaginary  but  at  the  same  time  practicable 
ship,  which,  having  the  minimum  rather  than  the  maximum  factors, 
might  be  called  the  least  common  divisor  of  all  the  units  to  be  compared. 

COMPARISON   WITH   AN   IMAGINARY   BUT   PRACTICABLE   SHIP. 

To  obviate  the  use  of  different  coefficients  of  importance  for  the 
various  characteristics  of  the  ships  under  consideration,  or  at  least  to 
substitute  a  practical  rule  for  the  hypothetical  orders  of  merit  which 
are  sometimes  used  as  a  foundation  in  the  compilation  of  comparisons, 

Naval  Constructor  Gillmor,  of  the  United  States  Navj',  has  substituted 
a  practicable  ship  for  the  imaginary  type  assumed  hy  me  in  the  table 
of  comparison  of  30  designs  of  ships,  a  type  absolutely  unattainable, 

because  it  is  impossible,  as  above  stated,  to  embody  in  a  minimum  dis- 
placement all  the  maxima  of  armament,  protection,  speed,  and  coal 

capacity  of  the  different  ships  compared.  This  practicable  ship,  which 
fulfills  the  functions  of  the  touchstone  in  this  experiment,  is  larger 
than  all  others  and  can  therefore  easily  carry  the  least  guns  of  all,  the 
least  protection,  and  have  the  least  speed  and  smallest  coal  supply  of 
all  the  ships  considered.  In  this  practical  feature  lies  the  ingenuity  of 
the  new  system,  which  was  the  subject  of  a  lecture  delivered  November 
14,  1901,  before  the  ninth  annual  meeting  of  the  Society  of  Naval 
Architects  and  Marine  Engineers  at  New  York. 

Mr.  Gillmor  begins  his  lecture  by  saying  that  it  would  be  interest- 
ing to  classify  the  modern  foreign  battleships,  and  that  it  is  possible 

and  practicable  to  do  so,  because  there  is  no  other  class  of  work  that 
has  been  subjected  to  so  much  international  discussion  and  study  as 
the  designing  of  new  war  ships. 

As  ships  are  built  to  cope  with  foreign  ships  it  is  necessary  to  study 
the  characteristics  of  such  foreign  ships  in  order  to  fashion  accordingly 

the  engines  of  warfare  which  are  intended  to  cope  with  them.  Accord- 
ing to  the  author,  seven  such  ships  should  be  studied,  because  there  are 

seven  great  navies;  but  as  sufficient  data  concerning  the  latest  French 
design  is  not  available,  he  had  to  confine  himself  to  six,  namely,  those 
of  the  United  States,  Russia,  Japan,  Germany,  England,  and  Italy. 

As  to  his  choice  for  his  own  country  [the  Virginia],  he  could  cer- 

tainly not  have  made  a  better  one.     *     *     * 
For  the  Russian  navy  he  has  chosen  the  Borodino*  which  is  a  good 

selection.  If  this  ship  is  not  assigned  a  higher  place  in  the  classifica- 
tion, it  is  due  to  the  fact  that  her  excellent  protection,  which  in  many 



487 

respects  is  more  rational  and  efficient  than  that  of  all  the  other  ships, 
has  not  been  fairly  computed. 

The  Mikasa,  chosen  as  the  representative  of  the  Japanese  navy,  is 
the  best  that  private  industry  in  England  has  traced  in  the  steps  of  the 

Admiral ty.  This  industry  has  always  done  great  honor  to  the  work 

of  perfecting  details,  and  if  it  has  not  always  carried  off  the  first  prize 
for  new  and  original  ideas,  it  is  principally  due  to  the  conservative  spirit 
which  has  caused  it  to  reproduce  the  design  of  the  Majestic,  although 

antiquated.  By  mistake,  Mr.  Gillmor  assigns  to  this  ship  four  10-inch 
instead  of  four  12-inch  guns. 
Germany  has  made  great  strides  since  the  Wittelshach  was  designed, 

and  therefore  the  choice  of  this  ship,  which  occupies  only  the  fourth 

place  in  the  order  of  merit  (after  my  corrections  she  takes  the  third 

place),  does  not  seem  just.  It  is  true  that  she  has  the  smallest  dis- 
placement with  a  speed  of  19  knots;  but  the  new  types  of  13,000  tons 

displacement  would  probably  have  made  a  better  showing  in  the  com- 
parison, since  they  are  more  powerfully  armed  and  equalty  well  pro- 
tected. The  normal  coal  supply  of  these  ships,  however,  limits  their 

steaming  radius  too  much. 
*  *  *  *  *  *  * 

Why  did  Mr.  Gillmor  not  choose  the  new  English  ships  of  almost 
17,000  tons  instead  of  the  Duncan  of  14,000?  Are  not  the  latest  ships 

better  representatives  of  the  power  of  the  British  navy  'i  The  armor 
of  the  Duncan  is  so  tapering,  both  in  thickness  and  width,  especially 
toward  the  stern,  as  to  render  it  doubtful  whether  she  can  really  be 

classed  as  a  line-of -battle  ship. 
But  if  we  divide  the  points  of  merit  of  the  King  Edward  by  17,000 

tons  we  shall  have  a  figure  of  merit  less  than  that  of  the  Duncan, 
because  the  greater  value  of  the  armament  does  not  compensate  for 
the  3,000  tons  which  go  toward  increasing  the  divisor.  On  the  other 

hand,  we  have  already  stated  that  in  the  comparison  of  the  36  designs 
of  ships  the  Duncan  has  a  figure  of  merit  superior  to  all  the  other 
English  ships. 

For  the  Italian  navy  the  Vittorio  Emanuele  has  been  chosen.  In 

giving  the  characteristics  of  the  Vittorio  some  inaccuracies  have  slipped 
in,  which,  however,  can  not  materially  alter  the  final  order  of  merit, 
in  which  this  ship  occupies  the  first  place  with  52  points  of  merit. 
leaving  the   Virginia,  with  47.2,  about  5  points  behind. 

Am  to  these  inaccuracies,  we  will  first  point  out  that  it  is  obvious,  for 

instance,  thai  the  idea  of  a  powerful  8-inch  battery  was  rounded  on  the 
advantage  of  perforating  the  6-inch  armor  plates  which  arc  at  present 
so  extensively  used  on  foreign  ships.  But  as  the  construction  of  Ital- 

ian ships,  owing  to   the   scarcity   of  available    funds,  always    requires 
many  years,  a  more  extensive  use  of  the  8-inch  gun  on  board  of  for 
eign  ships  was  to  he  foreseen,  and.  indeed,  it  lias  become  an  accomplished 
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fact  in  the  United  States  and  British  navies,  and  the  probability  is  that 
France  and  Germany  will  follow.  It  therefore  seemed  evident  that 
an  upper  belt  of  only  6  inches  thickness  would  be  incompatible  with  the 

8-inch  armament,  and  so,  to  safeguard  our  ships  in  the  future  against 
the  attacks  from  8-inch  guns,  which  the  other  navies  would  not  fail  to 
use,  reasoning  just  as  we  have  done,  an  upper  belt  of  7.9  inches  thick- 

ness, extending  about  7.9  feet  above  the  9.8-inch  water-line  belt,  was 
adopted.  The  latter  being  9.8  feet  wide,  the  ship  has  a  positive  pro- 

tection over  a  width  of  more  than  16  feet  from  the  8-inch  hostile  guns 
of  the  future. 

This  upper  belt  extends  to  the  bow,  where  it  tapers  to  1.9  inches,  the 

same  as  that  of  the  Borodino,  to  guard  against  rents  in  the  ship's  side, 
which  would  be  even  more  serious  in  the  case  of  our  ships,  because 
they  would  reduce  the  high  speed,  which  is  one  of  the  salient  features 
of  this  type. 

But  while  on  this  account  the  figure  of  merit  should  be  increased, 
we  have  to  concede,  on  the  other  hand,  that  the  value  of  the  superior 
speed  allotted  by  Mr.  Gillmor  to  our  design  as  compared  with  the  type 
ship  is  probably  excessive.  But  the  total  value  of  the  protection  of 
only  190  points,  as  against  1,430  for  the  Virginia,  1,350  for  the  Jfikasa, 

and  1,110  for  the  Duncan,  seems  very  strange  to  me,  to  sa}T  the  least. 
In  fact,  it  is  my  opinion  that  errors  must  have  slipped  in  in  the  copying 
of  the  table,  which  appeared  in  the  Scientific  American,  Supplement,  of 
November  30,  1901,  and  in  which  I  have  therefore  made  corrections. 

For  the  upper  belt  only  80  points  are  allotted  to  the  Vittorio  JSma- 
nuele,  while  the  Virginia  and  Mtkasa,  whose  protection  is  less,  have 

120  and  190  points  respectively.  For  the  protection  of  the  12 -inch 
guns  the  figure  of  the  Vittorio  is  zero,  being  considered  equal  to  that 

of  the  type  design,  namely,  the  minimum,  although  7.9-inch  curved 
armor  is  a  sufficient  protection  for  a  single  gun  which  is  not  con- 

sidered an  indispensable  weapon,  but  a  reserve  for  the  deathblow. 

Moreover,  onl}T  the  ammunition  tubes  are  assumed  to  be  protected, 
while,  as  a  matter  of  fact,  there  are  two  strong  redoubts  under  the 

12-inch  guns.  For  the  protection  of  the  second-caliber  (8-inch)  guns. 
which  are  installed  in  6-inch  turrets — hence  equal  to  the  protection  of 
the  turrets  of  all  the  other  ships,  unci,  for  obvious  reasons,  superior 

to  that  of  the  casemates — the  figure  of  merit  should  be  160.  But  a 
minus  sign  (— )  has  been  placed  in  front  of  the  160  without  apparent 
reason,  and  these  160  points  are  deducted  from  instead  of  being  added 
to  the  total  number  of  points,  thus  making  a  difference  of  320  points 
less. 
******* 

The  dimensions  of  the  hull,  the  protective  decks,  the  small  machine 
guns,  the  torpedo  tubes,  and  the  steaming  radius  in  miles,  together 
with  the  normal  total  coal  supply,  do  not  have  any  material  influence 
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upon  the  final  results  in  this  system  adopted  by  the  author,  although 
he  justly  remarks  that  the  Borodino,  and  other  designs  not  well 

known  to  the  public,  lose  somewhat  in  value  by  neglecting  their  hori- 
zontal protection.  The  wisely  moderate  values  assigned  to  the  torpedo 

tubes  and  small  guns  do  not  add  even  one-quarter  of  a  point  to  the 
value  of  the  ships  that  are  best  equipped  in  this  respect,  since  a  ship 

of  14,000  displacement  would  need  at  least  140  points  to  gain  one- 
hundredth  of  a  point  of  merit.  Any  ship  can,  by  a  small  increase  in 
displacement,  be  equipped  with  these  devices. 

While  adhering  on  the  whole  to  Gillmor's  statements  we  shall  try 
to  obviate  his  inaccuracies  in  the  following  tables: 

VIRGINIA. 
Points  or  tons. 

Four  12-inch  guns  instead  of  four  9.4-inch    160 
Eight  8-inch  guns  more  than  type  design    350 
Additional  small  guns       40 

       550 

Heavier  and  more  extended  water-line  belt   410 
More  extended  upper  belt    120 

Greater  protection  of  12-inch  bow  and  stern  turrets   620 
Greater  protection  of  8-inch  turrets    240 
Greater  protection  of  6-inch  guns       40 

   1,430 

Normal  coal  supply  in  addition  to  that  of  type  design         250 

Total  additional  value    2,  230 
According  to  the  authority  previously  cited  the  displacement  will  probably  be 

about  16,  000  tons,  and  the  speed  would  be  reduced  to  18  knots,  which  is 
that  of  the  type  design,  the  value  of  which  is    4,  300 

Total  value  of  Virginia    6,  530 
Dividing  this  figure  by  the  displacement  we  obtain  an  efficiency  per  ton  of. . .  0.  410 
The  author,  assuming  instead  a  displacement  of  14,950  tons  and  a  speed  of  19 

knots,  allots  520  points  for  the  weight  of  the  additional  machinery  which 
would  be  required  by  the  type  design  in  order  to  attain  a  speed  of  1  knot 
more.     In  that  case  the  value  of  the  Virginia  would  rise  to    7,  050 

And  the  efficiency  per  ton  to    0.  472 

DUNCAN. 

Four  12-inch  guns  instead  of  9.4-inch     160 
Two  additional  submerged  torpedo  tubes       30         190 

Heavier  and  more  extended  upper  belt     350 
i  rreater  protection  of  12-inch  barbette     500 
<  ireater  protection  of  6-inch  casemates    260    1,  no 

Additional  normal  <-oal  supply         250 
Weight  of  additional  machinery  to  attain  I  knot  more  speed  than  type  design.      450 

Total  addit ional  value      2,  000 

Value  of  type  design    4, 900 

Total  value  of  Duncan     8,  800 
Efficiency  per  ton      0.45 
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BORODINO. 
Points  or  tons. 

Four  12-inch  guns  instead  of  9.4-inch     160 
Additional  small  guns       50 
Additional  torpedo  tubes       30 

       240 

Heavier  and  more  extended  water-line  belt     100 
More  extended  upper  belt    200 

Greater  protection  of  12-inch  turrets    450 
Protection  of  portion  of  secondary  battery    120 

       870 

Additional  normal  coal  supply         250 
Increase  in  machinery  weights  for  speed  of  18  knots         130 

Total  additional  value    1, 490 
Value  of  type  design    4,  300 

Total  value  of  Borodino    5,  790 
Efficiency  per  ton       0.  42 

MIKASA. 

Four  12-inch  guns  (Gillmor  erroneously  gives  these  as  10-inch  guns)    160 
Two  additional  6-inch  guns    50 
Additional  small  guns   :    20 
Additional  torpedo  tubes    20 

       250 

Heavier  and  more  extended  water-line  belt    354 » 
More  extended  upper  belt    190 

Greater  protection  of  12-inch  turrets  ( Virginia  620  ?)    580 
Protection  of  secondary  battery    190 

   1,310 

Additional  normal  coal  supply  (Gillmor  assumes  1.400  tons)    50 
Increase  of  machinery  weights  due  to  weights  added  above    230 

Total  additional  value    1 .  840 

Value  of  type  design    4,  300 

Total  value  of  Mikasa    •  >,  1 40 
Efficiency  per  ton    0.  40 

Comparing  the  heavy  protection  of  the  bow  and  stern  guns  of  the  Mikasa  with 

the  10-inch  protection  of  the  Virginia,  it  seems  to  me  that  the  allotment  of 
only  580  points  to  the  Mikasa  for  this  advantage  over  the  type  design  is 
incompatible  with  the  allotment  of  (520  points  to  the  Virginia.  I  consider  it 
just,  therefore,  to  give  the  Mikasa  100  points  additional,  which,  with  the  110 

points  I  have  already  added  for  the  12-inch  guns,  makes  an  increase  of  210 
points,  from  which  should  be  deducted  the  coal,  for  while  the  bunker  capacity 

of  the  Mikasa,  Hatsuse,  Asahi,  and  Shikishima  is  the  same.  1.400  tons,  the  nor- 
mal coal  supply  of  these  ships  is  only  between  7(H)  and  1,000  tons.  Taking  the 

highest  figure,  1,000  tons,  as  normal,  350  points  more  should  be  assigned  for 

coal  over  and  above'  that  of  the  650  tons  of  the  type  design;  as  50  tons  have 
been  included  above1,  we  should  have  a  total  of     6,  540 

And  an  efficiency  per  ton  of  0.43  instead  of  0.44:>  assigned  by  the  author. 
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WITTELSBACH. 
Points  or  tons. 

Six  additional  6-inch  guns    145 
Additional  small  guns       10 
Additional  torpedo  tubes       25 

       180 

Heavier  and  more  extended  water-line  belt      130 

Greater  protection  of  9.4-inch  guns       80 
Greater  protection  of  six  6-inch  guns    240 

       450 

Increase  in  machinery  weights  for  weights  added  above  and  for  1  knot  more 
speed  than  type  design         330 

Total  additional  value         960 

Value  of  type  design    4,  300 

Total  value  of  Wittelsbach    5,  260 
Efficiency  per  ton       0.  44 

VITTORIO    EMANUELE. 

Deduction  for  less  efficiency  of  two  12-inch  guns,  as  against  four  9.4-inch 
guns    —50 

Twelve  8-inch  instead  of  twelve  6-inch  guns       220 
Additional  small  guns         20 
Additional  torpedo  tubes   .         30        220 

Heavier  and  more  extended  water-line  belt  (9.8  inch  instead  of  7  inch) . .     270 
Heavier  and  more  extended  upper  belt  (7.9  inch  instead  of  6  inch)       350 

Armor  of  6  turrets  for  twelve  10-inch  guns       300 
  920 

Additional  normal  coal  supply         350 
Increase  of  machinery  for  ?>h  knots  additional  speed     1,  040 

Total  additional  value    2, 530 
Value  of  type  design   4,  300 

Total  value  of  Vittorio  Emanuele    6, 830 
Efficiency  per  ton       0.  54 

Among  the  changes  which  I  have  been  able  to  make  in  Gillmor's 
computation  with  regard  to  the  Vittorio  Emanuele,  the  most  important 
one  is  the  deduction  of  nearly  500  points  which  I  deemed  it  my  duty 
to  make  from  the  1,500  which  the  anthor  has  allotted  to  this  ship  for 
speed. 

Without  entering  into  the  merits  of  the  important  question  of  the 
greater  Or  less  value  of  high  speed,  especially  when  possessed  in  common 

by  five  ships  i hot  are  entirely  homogeneous  as  to  armament  and  />/•(>/<<■- 
lion,  we  will  only  say  that  if  high  speed  is  wanted  it  must  he  paid  tor, 

whether  it  is  worth  it  or  not.    The  main  difficulty  lies  in  estimating 
correctly  the  displacement  for  weight  of  the  machinery  which  would 

have  to  he  increased   in  tin'  case   of  said    type  ship,  in  order  to  enable 
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her  to  carry  not  only  all  the  additional  armor,  armament,  and  coal 
already  computed,  maintaining  her  speed  of  18  knots,  but  also  the 
additional  weights  necessary  to  raise  such  speed  to  that  of  the  Vittorio 
Emanuele. 

It  is  in  this  connection  that  arises  the  most  serious  criticism,  which, 

from  a  technical  standpoint,  might  be  raised  against  Mr.  Gillmor's 
ingenious  system. 

As  previously  stated,  the  value  of  the  technical  efficiency  per  ton  of 
displacement  is  different  from  that  of  the  total  military  efficiency  of 
a  ship. 

These  points  of  merit  would  be  all  right  if  those  who  designed  the 

Virginia  had  sat  with  us  on  the  benches  of  the  school  of  naval  con- 
struction, together  with  Sir  William  White,  Mr.  Watts,  Mr.  Bertin,  or 

even  those  two  captains  of  the  German  navy,  the  one  who  was  afraid  of 
the  metacenter  and  the  other  who,  we  trust,  will  not  be  afraid  of  it  in 
designing  new  ships.  But  where  the  financial  question  does  not  come 

into  play,  the  unit  efficiency — that  is  to  say,  the  efficiency  which  each 
constructor  has  known  how  to  derive  from  each  ton  of  his  displace- 

ment, thanks  to  the  ingenuity  of  his  expedients — can  not  enter  into 
the  account.  If  the  financial  question,  which  is  of  such  high  impor- 

tance, whether  the  budget  is  small  or  large,  is  eliminated,  we  can 
compare  only  the  total  military  power  of  the  individual  ships  or 
of  homogeneous  divisions  adapted  to  cany  out  the  respective  aims  of 
each  navy. 

Hence  the  large  ships  represent  the  maximum  power  only  when 
the  financial  question  is  eliminated,  and  this  applies  still  more  to  the 
tactical  and  strategic  power  of  a  large  number  of  ships  against  a 
small  number. 

1  have  to  add  another  criticism  against  the  system  adopted  by  Gill- 
mor  which  is  founded  on  taking  as  a  type  design  the  largest  ship  hav- 

ing the  smallest  armament,  protection,  and  speed  of  all  the  different 
types  compared.  In  principle,  all  goes  well;  the  guns  are  increased, 
the  armor  is  made  thicker,  and  500  tons  of  coal  are  added  to  the  650 
supposed  to  be  already  on  board  the  type  ship.  But  this  ship,  already 
assumed  to  be  larger  than  all  the  others  under  consideration,  will 

thereby  become  excessively  large  and  the  weight  of  the  machinery 
must  also  be  increased  in  order  to  preserve  the  speed  of  18  knots. 
But  who  could  conceive  the  idea  of  such  a  ship  receiving  sufficient 

machineiy  to  make  21  or  22  knots?  And  even  if  this  were  practica- 
ble, what  resemblance  would  that  gigantic  type  ship  and  the  rating  of 

0.52  point  bear  to  the  real  value  of  the  Vittorio  Emanuel*  t 
Unless  I  have  not  sufficiently  grasped  the  innermost  essence  of  this 

system  I  might  compare  it  with  that  of  an  artist  having  in  his  studio 
six  wooden  manikins  of  herculean  proportions,  but  scantily  clothed, 
and  trying  to  dress  them  with  the  weapons,  gauntlets,  and  coats  of 
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mail  of  six  live  warriors  of  different  heights.  As  long  as  it  were  a 

question  of  putting  a  sword  on  one  and  a  dagger  on  another,  all  would 
go  well;  but  when  the  artist  should  try  to  put  the  different  sized  coats 
of  mail,  helmets,  gauntlets,  etc.,  on  the  six  giants,  some  might  fare 
well,  but  the  others  could  not  be  dressed.  But  even  supposing  that 
with  much  good  will  and  skillful  compensations,  with  patches  and 
strings  and  straps  the  artist  succeeds  in  putting  all  the  clothes  on  the 
six  manikins,  what  a  strange  appearance  these  six  different  types 
would  present. 

I  do  not  know  whether  Gillmor  intends  to  proceed  in  the  same 
manner,  but  if  so  I  must  say  that  while  the  MiJcasa,  the  Virginia,  and 
perhaps  the  Duncan  would  not  be  disfigured,  I  should  much  prefer 
the  Vittorio  Emanuele  of  12,624  tons  to  the  phantom  ship  that  would 

be  the  result  if  the  giant's  lungs — that  is,  the  boilers  and  engines — 
were  enlarged  in  order  to  maintain  the  desired  speed,  thanks  to  the 
1,500  tons  which  the  author  assigns  to  her. 

The  speed  of  22  knots  (and  not  23,  as  erroneously  stated  by  some 
who  have  confounded  this  type  with  that  of  8,000  tons),  which  the 
model  at  the  experimental  tank  made  us  hope  that  the  ship  would 

attain  at  the  trials,  provided  the  efficienc}^  of  the  screws,  engines,  etc., 
is  as  high  as  shown  in  the  official  reports  of  some  of  our  ships,  is 

certainly  a  high  rate  of  speed  for  a  first-class  ship,  but  it  can  be 
attained  with  the  characteristics  of  the  8,000  or  9,000  ton  design, 
which,  with  proper  modifications,  have  in  part  been  preserved  when 
the  displacement  was  raised  to  12,624. 

If  these  conceptions  were  extended  to  the  15,000  tons  of  the  Virginia 
or  the  17,000  tons  of  the  King  Edward  (the  2,000  or  3,000  points  of 

the  Vittrrrio  would  carry  the  15,000-ton  t}^pe  ship  even  beyond  these 
enormous  displacements),  we  should  face  another  problem,  the  solution 
of  which  would  no  longer  have  anything  in  common  with  the  Vittorio 
Emanuele,  but  would  come  under  the  views  of  another  navy,  as  was 

hinted  b}r  the  Engineer  at  the  conclusion  of  its  article  in  the  issue  of 
June  7,  1901,  page  585,  on  the  subject  of  our  designs  of  ships. 

I  was  therefore  of  the  opinion  that  we  ought  not  to  keep  the  1,500 
points  assigned  to  us  by  Gillmor  for  additional  machinery  of  the  large 

manikin — that  is  to  say,  the  type  ship — in  order  to  enable  the  latter 
to  make  22  knots. 

Even    if  the   results  are   not  as  good   as  anticipated,  the    Vittorio 
EmanudewiW  be  sure  to  have  a  speed  of  21.5  knots,  but  Hie  points 
accredited  to  US  are  only  relative  to  the  520  points  assigned  to  the 
Virginia  for  l  knot  additional  speed,  and  I  have  estimated  the  merit 
for  only  2  knots  more   Hum  the  type  design  (1,040  points  in  place  of 

the  l,5oo  allotted  to  us  by  Gillmor). 
On  the  other  hand,  it  seems  to  me  that  the  four  turrets  of  the  eight 

8-inch  guns  of  the    Virginia  are  overestimated  at  240  points,  while  to 
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our  eight  8- inch  turrets  are  allotted  only  160  points,  which,  moreover, 
as  stated  above,  appear  in  the  total  as  a  negative  value.  I  have  there- 

fore carried  the  value  of  the  six  turrets  to  300  points,  as  against  240 
for  the  four  of  the  Virginia. 

Thus,  also,  the  small-caliber  guns  of  the  Virginia  are  not  superior 
to  those  of  the  Vittorio,  and  yet  the  former  have  been  given  40  points 
and  the  latter  only  20. 

Finally,  as  Gillmor  has  probably  taken  the  data  of  the  Vittorio  from 
the  Eyigineer  of  March  15,  1901,  page  260,  where  the  thickness  of  the 

upper  belt  is  erroneously  stated  to  be  6-inch  instead  of  8-inch,  we  have 

only  80  points  for  "more  extended  upper  belt."  But  as  the  Duncan 
was  given  300  points,  although  her  upper  belt  armor  is  only  7  inches 
thick  as  against  our  7.9,  I  have  confined  myself  to  estimating  it  only 

equal  to  that  of  the  Duncan.  No  allowance  is  made  in  Gillmor's  table 
for  the  upper  belt  of  the  Vittorio  extending  to  the  very  bow,  as  in  the 
case  of  the  Duncan  and  Borodino. 

The  new  Repuoliquc  and  Patrie  type  of  the  French  navy  was  not 
included  by  the  author  for  lack  of  data. 

I  have  deemed  best  to  include  it  in  the  tables,  taking  the  data  from 
recent  technical  publications.  The  following  tabic  shows  the  best 

possible  efficiency  of  this  type  according  to  Gilimor's  system: 
PATKIE. 

Points  or  tens. L60 
Four  12-inch  guns   
Additional  6. 5-inch  guns  and  their  superior  energy    200 
Additional  small  guns    50 
Additional  torpedo  tubes    30 

Heavier  and  more  extended  water-line  belt    410 

Inferior  upper  belt  (2.5  inches)      —100 
Increase  for  protection  of  medium-caliber  guns    300 

Additional  normal  coal  supply   
Machinery  weights  to  maintain  speed  of  18  knots. 

440 

610 
250 

Total  additional  value 

Value  of  type  design. . 

Total  value  of  Patrie 

Efficiency  per  ton  . . 

4,300 

:>.  890 

0.  40 

Summing  up  the  partial  and  total  values  we  have: 

Vittorio 
E. Duncan. 

Wittels- bach. 
Boro- 

dino. Virginia. 
Patrie. 

Mik 

Additional  offensive  value   

Additional  defensive  value  ... 

Additional  value  for  machin- 

erv  and  coal   

220 
920 

1,390 

190 

1,110 

700 

180 

ISO 

830 

2  JO 

870 

560 l.  BO 

9fifl 
HO 

610 

1.310 

Total  additional   
2, 530 
0.54 2,000 0.45 

960 

o.  n 1,490 
0.  12 

2.  230           1  -  530 

1 .  M0 Efficiency  per  ton   
0.41 

0.40 
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COMPARISONS   OF   ARMAMENTS. 

Chief  Engineer  of  Ordnance  Sabath,  Austrian  navy,  discussed  in 
his  lecture,  previously  referred  to,  chiefly  that  part  of  the  problem  of 

naval  architecture  which  concerns  itself  with  the  caliber  and  arrange- 
ment of  guns  and  their  efficiency  on  board  of  war  ships.  In  reading 

this  lecture  (see  Mittheilungen  aus  dem  Gebiete  des  Seewesens,  June, 
1901,  p.  459),  and  noticing  the  conciseness  and  clearness  of  his  ideas,  I 

was  wishing  that  gradually  there  might  be  organized  among  the  engi- 
neers of  the  Italian  navy  also  a  class  that  would  familiarize  itself  with 

the  study  of  naval  ordnance  and  use  such  knowledge  subsequently 

toward  solving  the  complex  problem  of  war  ships,  of  which  the  arma- 
ment forms  a  part  that  is  becoming  more  important  every  day,  and  is 

intimately  connected  with  the  ship's  hull. 
In  speaking  of  the  armament  of  the  twelve  8- inch  guns  introduced  by 

us,  the  lecturer  can  not  but  concede  their  importance  and  commend  the 

innovation.  In  comparing  this  armament  with  the  9.4-inch  and  12- 
inch  armaments  he  draws  very  apt  conclusions  as  to  the  weight  of  the 
respective  weapons,  their  mounts,  ammunition,  and  protection,  and  as 
to  the  perforation  which  can  be  achieved  with  these  different  calibers 
in  battle  at  various  ranges. 

It  is  true  that  our  8-inch  gun  is  a  little  heavier  than  the  Krupp  gun 
considered  by  the  author,  but  the  principal  advantages  which  it 
embodies  over  the  different  armaments  of  modern  battleships  deserve 
to  be  pointed  out  in  the  following  table,  in  which  the  author  compares 

the  said  8-inch  gun,  the  9.4-inch  gun  used  as  the  largest  caliber  on 
board  the  Wittdsbach  class,  the  11-inch  gun  to  be  installed  in  the  bow 
and  stern  of  the  new  13,000  ton  battleships  of  the  German  navy,  and 

the  12-inch  gun  to  be  found  in  the  bow  and  stern  of  the  Vittorio  Eman- 
nrlr.  and  of  the  principal  modern  ships  of  foreign  powers: 

G mi. Velocity  in  feet  at  ranges  of — 
Velocity  necessary  to  per- 

forate. 

Caliber. Weight. 0  yds. 1,094  yds. 
'2,187  yds. 8,281  yds. 4,374  yds. 

11.8" 

9.8" 

6" 

Pounds. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. 

8-inch  .. 88, 951 
2, 090 

2,  404 
2, 250 2, 050 

1,863 
2,  591 

2, 250 1,624 
9.4-inch W,218 2,  690 

2,  500 2,  822 2,149 1 ,  988 2,284 
1 , 9(18 1,374 

11-inch  . 
8'.),  008 2, 690 

2,520 2,375 2,  221 2,  08(5 
1 ,  978 1,742 

1 .  220 
12-inch  . 115,081 

2,690 2, 542 2, 898 

2,  268 

2, 129 

1,857 1,617 

1,  181 

From  the  foregoing  table  it  will  be  seen  that  at  the  different  ranges 

below  4,."/74  yards — beyond  that  range  it  would  be  equivalent  to  empty 
ing  the  ammunition  rooms  into  the  sen  all  four  of  these  guns  pierce 

G-inch  Krupp  armor  at  striking  velocities  of  1,624,  M74,  L,220,  and 
1,131  feet,  respectively,  decreasing  sensibly  with  the  increase  of  the 
caliber.      But  the    L2-inch  armor,  which   is  still   to   be   found  on  some 
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ships,  is  not  perforated  by  the  8-inch  gun,  except  at  very  short  range, 
which  justifies  the  installation  of  two  12-inch  guns  on  board  the  Vit- 

torio Emanuele.  This  gun  is  able  to  perforate  such  armor  at  ranges 

even  greater  than  4,374  yards,  while  the  9.4-inch  gun  of  the  Wittels- 
bach  and  other  German  battleships,  except  the  latest  type  of  13,000 

tons'  displacement,  can  do  so  only  at  ranges  not  exceeding  2,187  yards. 
From  this  comparison  of  the  armaments  of  modern  battleships,  the 

lecturer,  while  expressing  admiration  for  the  battery  of  twelve  8-inch 
guns  of  the  Vittorio  Emanuele,  shows  that  the  protection  given  these 

guns  could  be  perforated  by  hostile  8-inch  guns  at  ranges  of  from 
3,281  to  4,374  yards. 

The  able  author  of  this  comparison  forgets,  however,  two  factors 
of  the  utmost  importance  in  battle,  namely,  the  oblique  impact  and 
the  number  of  guns. 

If  we  consider  a  curved  redoubt,  or  a  turret,  or  the  redoubt  which 

supports  and  protects  the  turrets  below  (not  merely  the  ammunition- 
hoisting  tube  mentioned  by  Gillmor)  of  a  thickness  of  6  inches,  like 

that  of  the  8-inch  guns  of  the  Italian  ship,  we  must  suppose  that  to 
have  perforation  the  shot  would  have  to  strike  exactly  diametrically; 
for,  with  the  exception  of  the  trajectory  represented  by  a  generating 
line  passing  through  the  hostile  gun  and  the  center  of  our  turret,  all 

the  other  shots  would  be  oblique,  and  hence  less  powerful.  In  addi- 
tion it  should  be  remembered  that  there  are  twelve  of  these  guns.  90 

that  the  probability  of  perforation  of  one  of  the  six  turrets  constitutes 

danger  to  only  one-sixth  of  our  second-caliber  battery.  In  my  opin- 
ion, therefore,  Sabath  is  mistaken  when  he  compares  an  armament 

which  is  very  numerous,  both  on  board  the  Vittorio  and  the  8.0oo-ton 
design,  with  the  9.4-inch  armament,  which,  in  the  case  of  the  Austrian 
and  German  ships,  is  confined  exclusively  to  the  bow  and  stern.  In 
view  of  the  fact  that  the  Kai8<  r  Katrl  VI  and  Radetzky  classes  have 
only  two  of  these  guns,  one  forward  and  one  aft.  and  the  Habsburg class 

three  in  all,  they  must,  of  course,  be  given  stronger  protection  than 

the  6-inch  armor  which  is  used  for  our  twelve  8-inch  guns.  The  how 

and  stern  guns  of  the  Vittorio  are  protected  by  9.8  to  7.8-inch  curved" 
armor,  although  we  do  not  assign  to  these  guns  the  unusual  impor- 

tance given  them  in  the  Duncan  and  Milcasa,  which  Beems  to  us  out 
of  proportion,  especially  when  the  enormous  weight  of  their  armor  is 
considered. 

The  old  conception  establishing  the  empirical  rule  that  the  thickness 
of  the  armor  must  be  equal  to  the  caliber  of  the  gun  to  be  protected 
by  it  has  served  its  time  and  can  obviously  no  longer  be  sustained,  in 
view  of  the  great  progress  made  in  the  face  hardening  of  armor  plate. 

The  proving  ground,  with  its  normal  tiring  ami  with  the  target  almost 

at  the  muzzle  of  the  gun.  is  still  misleading  the  idea-  o\'  some  conserv- 
atives, especially  in  England;  and  the  Japanese  can  not   forget   that 
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Admiral  Ting,  behind  the  thick  armor  of  the   Chen   Yuen,  was  very 

"hard  to  cook." 
But  leaving  this  obsolete  question  and  that  of  the  number  of  guns 

and  the  thousands  of  rounds  available  for  our  many  8-inch  guns  as 
compared  with  the  hundreds  of  rounds  available  for  the  few  9.4-inch 
German  guns  (because  the  objectives  which  we  have  assigned  to  the 
former  have  nothing  in  common  with  those  of  the  latter),  we  will  state 
that  the  velocities  for  perforating  armor,  as  indicated  in  the  above 
table,  should  be  multiplied  by  at  least  1J  in  order  to  make  a  rough 
allowance  for  the  probable  mean  inclination  of  the  shots,  which  can 

not  all  strike  the  hostile  armor  exactly  at  an  angle  of  90°.  It  is  evi- 
dent that  such  a  computation  has  also  been  made  by  the  authorities  of 

the  Austrian  and  German  navies,  for  in  spite  of  Sabath's  arguments  in 
favor  of  the  9.4-inch  guns  as  compared  with  the  larger  calibers,  they 
have  decided,  or  are  about  to  decide,  to  abandon  this  type  of  gun^ 

which,  in  my  opinion,  is  not  equal  to  the  purpose  for  which  it  is  in- 
tended, and  to  equip  their  new  ships  with  11-inch  bow  and  stern  guns. 

To  sum  up:  What  we  want  is  to  be  able  to  perforate  all  the  latest 

6-inch  armor  plating,  even  at  the  long  ranges  at  which  hostile  6-inch 
shell  can  inflict  only  insignificant  scratches  on  us.  Firing  at  such 

ranges  is  not  very  accurate,  but  the  target  is  large,  and  the  8-inch 
ammunition  very  plentiful  and  uniform.  Then  when  we  have  silenced 

those  6-inch  guns  we  want  to  be  able  to  perforate  the  12-inch  belts  at 
ranges  superior  to  those  of  torpedoes,  no  matter  at  what  angle  these 
narrow  belts  may  present  themselves  to  the  fire.  In  this  second  part 
of  the  programme  the  target  is  very  limited,  but  1,094  to  1,640  yards 
is  not  a  long  range,  and  if  the  sea  is  not  very  rough  I  believe  one  or  the 

other  of  the  12-inch  guns  of  the  Vittorio  will  be  able  to  put  a  hit  into 

such  belt,  and  the  invulnerable  "box"  which  is  still  adhered  to  in 
some  types  will  speedily  lose  its  metacenter,  not  toward  the  truck,  but 
toward  the  keel. 

FRENCH    COMPARISONS. 

Having  arrived  near  the  end  of  these  notes  1  will  add  a  brief  sum- 
mary also  of  other  and  less  extensive  studies  and  publications  which 

have  appeared  abroad  on  the  new  Italian  ships. 
Le  Petit  Vai\  of  Toulon,  in  its  issue  of  May  24,  1901,  published 

an  article  by  Commander  Vignot,  the  well-known  editor  of  the  Marine 

Francaise,  on  the1,  comparative  values  of  the  Vittorio  Kmanuele  and 
Victor  Hugo,  I  will  not  follow  the  author  in  his  arguments,  but  only 

call  attention  to  the  depth  of  his  views  and  the  kind  reception  he  accords 
the  new  ideas  introduced  into  the  Italian  type. 

Thus  also  L<  Yacht,  in  its  issue  of  February  26,  1901  (p.  57),  com- 
pares the  Vittorio  Emanuele  with  the  English  and  French  battleships 

and  expresses  the  following  opinion:  "  With  a  protection  consisting  of 
1300—02   32 
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a  wide  and  complete  armor  belt  of  adequate  thickness,  namely.  9.8  and 

7.8  inches  (in  this  respect  superior  to  the  English  battleships  of  larger 

displacement),  well  designed  offensive  power,  an  extensive  radius  of 

action,  and  a  speed  equal  to  that  of  the  best  armored  cruisers,  she  would 

be  much  superior  to  the  cruisers  proposed  in  our  new  naval  pro- 

gramme." France  in  her  naval  objectives  in  the  Mediterranean  has  certain  points 

of  resemblance  with  ours,  and  it  is  but  natural,  therefore,  that  certain 

t}Tpes  of  ships  would  answer  equally  well  the  purposes  of  both  navies. 
After  the  two  schools,  one  in  favor  of  large  ships  and  the  other  of 

medium-sized  ships,  had  to  fight  last  year  about  the  French  naval  pro- 

gramme to  be  laid  down,  it  seemed  as  though  Mr.  Lockroy's  political 
friends  were  going  to  range  themselves  on  the  side  of  Minister  Lanes- 

san's  party,  which  is  desirous  of  building  ships  of  15,000  tons  displace- 
ment like  the  English;  but  a  slight  financial  flutter  in  connection  with 

budgets  has  been  sufficient  to  put  new  vigor  into  the  defeated  party 

and  to  start  in  the  budget  commission  and  in  the  Chamber  a  movement 

against  the  laying  down  of  the  other  four  large  battleships  which  were 

to  succeed  the  Patrie  and  Repvbliqm  .  We  shall  follow  with  the  great- 
est interest  the  impending  debate,  because  it  will  prove  more  than  ever 

that  our  administration  was  on  the  right  road  a  year  ago  in  fighting 

naval  programmes  and  demonstrating  their  instability  and  practical 

uselessness  in  view  of  the  constant  political  and  financial  changes  in 

the  country.  And  noticing  the  contentions  which  have  arisen  in  the 

United  States  among  the  different  authorities  called  upon  to  give  their 

opinions  on  the  naval  programme  and  the  different  types  of  ships,  and 

the  radical  changes  which  have  taken  place  in  the  course  of  a  year  in 

England's  naval  policy,  we  can  see  plainly  how  much  more  rational  it 
has  been  to  follow  a  system  which  is  more  immediate  in  its  effects  and 

more  in  harmony  with  our  financial  situation,  namely,  of  selecting  a 

moderate  type  and  duplicating  it  immediately  as  many  time-  a-  the 
capacity  of  our  shipbuilding  yards  would  permit. 

Perhaps  the  French  Chamber  will  follow  the  majority  of  its  budget 

commission,  and  in  that  case  the  navy  would  acquire  only  two  ships 

analogous  to  the  English,  but  very  different  from  the  French  ships 

now  in  existence,  and  not  even  having  the  advantage  of  being  similar 

to  future  British  ships,  for  in  the  meantime  the  naval  policy  in  that 

country  has  undergone  a  change  and  the  displacement  made  more  for- 
midable still  in  order  to  increase  the  medium  calibers  between  the 

12-inch  and  the  6-inch  guns. 

In  case  the  victory  should  this  time  smile  on  Lockroy's  ideas,  we 
shall  see  France  adopt  the  conceptions  which  I  have  advocated  so  many 

times  and  which  it  would  be  out  of  place  to  repeat  in  this  connection. 

Naturally  Le  Yacht  opposes  this  conversion,  while  the  Mariru  Fran- 
gaise  advocates  it;  but  this  is  a  trick  with  which  our  example  has  had 
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something  to  do,  and  we  have  reason  to  believe  that  such  example  has 

in  a  slight  degree  exerted  an  influence  in  lowering  the  value  of  the 

Patrie  type — not  to-day,  but  in  view  of  the  aspect  which  an  action  in 
the  Atlantic  would  present  in  five  years. 

While  in  comparisons  with  French  ships  we  have  always  pointed 
out  their  efficient  armor  belts,  we  have  repeated  again  and  again  that 

the  2.5-inch  protection  of  the  cofferdams  has  had  its  day.  It  is  not 
fear  of  maximite  superseding  melinite,  nor  that  the  recent  tests  will 

greatly  modify  the  efficacy  of  such  protection,  but  it  is  none  the  less 
true  that  it  is  of  no  avail  to  have  the  submerged  part  of  a  ship  intact 

when  the  enemy  can  destroy  at  long  range  that  2.5-inch  protection  and 
eveiything  that  is  above  it.  The  adherence  to  this  slight  protection 

above  the  thick  water-line  belt  in  the  Patrie  type  looks  to  me  like  a 
result  far  from  modern,  due  perhaps  to  the  fear  of  exceeding  14,865 

tons  and  reaching  a  displacement  of  15,000 — the  American  fear,  as 
previously  stated. 

GERMAN    OPINIONS. 

The  German  technical  press  also  has  repeatedly  taken  occasion  to 

discuss  the  new  Italian  t}-pe  and  compare  it  with  those  of  the  German 
navy. 

The  able  publication  Marine- Rundscliau^  (see  issue  of  June,  1900, 
and  May.  1901)  has  not  deemed  the  remarks  very  accurate  which  I 

made  last  year  about  the  German  long-term  naval  programme,  nor  does 

it  coincide  with  my  opinions  on  the  comparative  technical  improve- 
ments of  these  types  of  ships.  It  is  not  nry  intention  in  these  brief 

impartial  notes  on  foreign  opinions  as  to  our  new  ships  to  open  up 

technical  discussions  as  to  types  of  ships.  I  have  already  said  more 

than  once  that  I  am  entirely  familiar  with  the  improvements  made, 
both  in  the  lines  of  the  hull  of  German  ships  and  in  the  disposition  of 

their  offensive  and  defensive  means,  and  it  therefore  seems  to  me  that 

I  am  competent  to  compare  the  new  types  with  the  preceding  ones 

and  to  state  that  there  is  noteworthy  progress.  I  have  already  spoken 

of  the  differences  existing  between  the  ideas  prevailing  in  leading 
English  circles  as  to  the  responsibility  for  designs  and  the  new  Ger 

man  ideas  announced  at  Charlottenburg.  We  shall  have  to  wait  until 

the  words  have  become  facts,  and  then  comparisons  between  the  future 
battleships  will  tell  more  than  any  conjectures  of  ours  could  do. 

Another  review,  Schiffbau  (see  Vol.  I,  1900,  p.  523,  and  Vol.  II, 

1901,  p.  489),  has  expressed  doubts  as  to  the  possibility  of  carrying, 

at  22  knots  speed  and  about  20,000  horsepower,  L2, 600  tons,  and  has 
discussed  particularly  the  point  whether  the  Lines  which  may  facilitate 

such  a  result  would  be  suitable  in  docking  die  ship,  especially  as 
regards  the  curvature  of  the  keel.    This  last  objection  has  to  my  mind 
so  little  weight  that   it  deserves  nothing  more  than  to  be  mentioned  to 
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show  the  interest  that  is  being  taken  abroad  in  our  new  types.  As  to 

the  speed  of  21.5  or  22  knots,  with  19,000  or  20,000  horsepower,  with 
or  without  liquid  fuel,  with  or  without  fine  lines  compatible  with  our 
low  ratio  of  5:9  between  length  and  breadth,  I  need  onlv  refer  to  what 

I  said  last  year  relative  to  this  new  hull.  (See  Rivista  Maritthna, 

January,  1901,  p.  12.) 

Schiffbau  rejoices  in  the  faet  that  of  the  different  navies  the  Italian 

has  been  the  first  to  profit  by  the  lessons  of  late  naval  actions  and  sup- 
pressed the  heavy  and  dangerous  military  masts.  It  is  my  opinion 

that  on  a  fast  ship,  with  the  inevitable  vibrations  of  m the  tops,  the  tire 

of  the  small  guns  carried  high  up  in  the  military  mast  is  of  very  prob- 
lematic effect.  Considering  that  the  melee,  which  alone  justifies  the 

use  of  these  small  weapons  from  such  height,  will  probably  not  occur 

until  after  a  lengthy  duel  at  long  range,  we  may  conclude  that  in  a 

close  and  decisive  action  the  unprotected  parts — masts,  smokestacks, 
boats,  and  unprotected  light  guns     will  be  entirely  destroyed. 

Hence  arises  the  necessity  of  protecting  also  the  small-caliber  guns 
if  they  are  to  be  available  at  night  against  surprises  from  torpedo 

boats,  or  they  should  be  dismounted  and  kept,  during  the  great  battle, 
inside  of  the  redoubt. 

As  to  boats,  a  few  folding  boats  should  also  be  kept  in  the  redoubt, 

and  around  the  smokestacks  the  draft  should  be  increased  to  keep  them 
standing,  even  though  riddled,  since  the  perforations  will  not  prevent 

their  thermic  action,  and  those  ships  only  whose  boilers  are  not 

equipped  for  forced  draft  must  expect  great  loss  o\'  speed  if  the  smoke- stacks are  cut  off  or  knocked  down. 

Finally,  Schiffbau  doubts  tin4  possibility  of  having,  with  12,62-1  tons 
displacement,  tin'  powerful  armament  of  the  Vtttario  Emanuel*  and 
her  armor,  which  is  thicker  than  that  of  the  British  ships,  includ- 

ing the  Bulwark  type.  On  that  point  I  can  relieve  the  fears  of  this 

foreign  writer  and  of  the  still  less  charitable  Italian  writer-,  assuring 
them  that  everything  has  been  planned  with  the  minutest  care,  that  no 

changes  will  be  made,  and  that  we  have  every  reason  to  hope  that  cer- 
tain mistakes  which  have  occurred  in  the  past  in  the  equipment  of 

ships  will  not  be  repeated  in  the  case  of  this  ship. 

ENGLISH    OPINIONS. 

The  English  press  has  always  given  our  designs  special  attention.  I 

regret  that  I  can  not  agree  with  tin4  author  of  the  article  entitled 

"'Warships  and  Mathematics "  (Enyineei\  October  18,  L901),  especially 
as  to  the  mathematical  part.  Aside  from  the  inaccuracies,  among  them 
the  erroneous  statement  as  to  the  armament  of  the  Vittorifr,  that  naval 

officer's  system,  based,  chiefly  on  unwritten  instinct,  seems  rather  dan- 

gerous to  me;  by  its  use  some  other  writer.  o\'  a  more  amphibious 
instinct,  might  demonstrate  that  the  Narval  i^  the  ideal  engine  o{  naval 
warfare. 
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Aside  from  this  divergence  of  technical  views,  we  can  not  but  feel 

^ratified  at  the  courtesy  shown  in  the  comparison  between  the  Vittorio 

m/manuele  and  the  Amalfi  {Engineer,  March  15  and  June  7,  1901),  and 
in  the  criticism  of  my  article  on  naval  programmes,  tending  to  explain 
the  evolution  of  Italian  naval  architecture. 

In  a  recently  published  criticism  on  Gillmor's  work  the  same  maga- 

zine {Engineer,  January  3,  1902)  concurs  in  the  latter's  doubts  as  to 
the  speed  and  displacement  of  the  Vittorio — doubts  which  constitute 

praise  for  us — and  mentions  the  conclusions  arrived  at  in  the  cc  sympo- 
sium" of  Fred  T.  Jane,  the  well-known  inventor  of  the  naval  war 

game  and  founder  of  All  the  World's  Fighting  Ships  (fourth  year, 
1901).  ; 

This  '•symposium"  is  also  an  instinct  system,  and  we  can  therefore 
not  attach  much  weight  to  the  rating  arrived  at,  because  it  is  too 
extensive  and  takes  in  too  much.  The  Vittorio  and  Mikasa  came  out 

ahead,  but  man)'  of  those  called  upon  for  opinions  were  not  well 
acquainted  with  all  the  foreign  ships,  and  the  vote  of  some  is  not  free 

from  chauvinism,  a  thing  almost  inevitable  when  the  needs  of  one's 

own  country  present  themselves  most  forcibly  to  one's  mind,  and  the 
ship  which  can  best  fill  them  naturally  appears  to  be  the  one  that 

ought  to  be  preferred  by  others  also. 

A  critical  examination  of  the  opinions  and  arguments  of  the  emi- 
nent foreigners  consulted  would  be  interesting  to  students  as  indicating 

the  currents  which  are  influencing  naval  architecture.  But  it  would 

lead  us  too  far.  I  will  only  say  that  of  the  different  writers  a  man 

like  Cervera  has  probably  a  more  accurate  idea  than  the  others  of 
what  a  duel  of  naval  ordnance  would  be  in  the  near  future. 

The  opinion  of  Mr.  Watts,  superintendent  of  the  Armstrong  works, 

would  have  been  particularly  interesting,  because  it  might  help  us  to 

determine  in  the  future  his  influence  on  the  new  types  which  he  will 

have  to  study  when  he  takes  Sir  William  White's  post  at  the  Admi- 
ralty. A  new  policy  is  already  noticeable  in  the  latest  designs  of  the 

latter,  and  it  is  not  impossible  that  this  change  is  partly  due  to  the  evo- 
lution of  new  ideas  which  has  taken  place  in  the  minds  of  some  of  the 

members  of  the  Admiralty  and  to  recent  publications,  and,  to  a  small 

degree,  also  to  the  lecture  delivered  in  May,  1901,  at  Portsmouth,  by 

Lieut.  Herbert  W.  Hope,  on  ships  under  construction,  especially  on 

the  Vittorio  Emanuele  type,  concluding  with  these  words:  "Every- 
body is  very  much  struck  by  the  new  ships,  (he  Regina  Elena&nd  the 

Vittorio  Emanuele  III.  They  are  certainly  beautiful  ships,  infinitely 

superior  to  any  other  battleship  building." 

OONCLl  SION. 

In  former  articles  which  I  have  published  in  this  Rivista  I  have 

tried  to  condense  in  the  last  paragraph  the  ideas  developed  in  i he  whole 



502 

work,  in  order  to  furnish  busy  readers  an  opportunity  of  gaining  an 
idea  of  the  question  without  having  to  read  the  whole  article.  But 

this  time  I  must  confess  that  1  can  draw  no  general  conclusion  from 
these  brief  notes. 

Perhaps,  if  naval  battles  were  the  only  probable  actions  in  the  future, 
the  comparison  of  modern  battleships  might  be  more  rational  and  more 

conclusive.  But  the  objectives  concerning  coasts,  and  still  more  the 

colonial  aims  which  mark  the  policy  of  this  new  century,  introduce  so 

many  and  such  divergent  contingencies  in  our  inferences  that  a  con- 
clusion appears  impossible. 

And  even  considering  only  battles  upon  the  open  sea,  it  would  not 

be  easy  to  specify,  with  good  reason,  one  particular  type  of  battleship 
as  the  best,  because,  independently  of  the  quality  of  the  adversary, 

the  number  enters  into  the  computation,  and  the  variableness  in  the 

number  of  ships  obviously  exerts  an  influence  which  may  at  times 

affect  the  type. 

It  seems  to  me  that  problems  of  too  wide  latitude  are  as  dangerous 

as  those  which  are  too  narrowly  defined.  But  if  such  were  not  the 

case,  the  comparison  of  the  Vittorix)  Emanuele  should  at  least  have 

been  confined  to  the  future  fast  battleships  of  the  French  navy 

advocated  by  Lockroy.  or  of  its  12,000  to  13,000  ton  cruisers,  and  to 

the  13,680  and  15,W>0  ton  ships  of  the  United  States  Navy,  and  per- 
haps to  the  whole  variegated  series  of  the  British  ships,  passing  from 

the  Kent  to  the  I>r<iL,<>  and  Duncan. 

Types  are  becoming  more  and  more  peculiar  to  the  different  nations. 

Never  before  has  it  been  possible  to  embody  so  much  power  in 

medium-sized  hulls  by  lessening  the  weight  of  the  armament,  armor, 
and  boilers,  while,  on  the  other  hand,  three  of  the  principal  navies 

are  pursuing  a  different,  and  surely  easier,  policy,  consisting,  as  previ- 
ously stated,  in  increasing  the  eggs  by  enlarging  the  basket. 

It  may  be  that  Mr.  Watts,  instead  of  continuing  this  unlikely 

increase  in  displacement,  will  set  a  personal  and  perhaps  national 

stamp  upon  the  new  type  of  battleship  that  will  fully  answer  all  the 
British  objectives,  and  then  perhaps,  instead  of  the  Yittprio  Emanuele, 

we  shall  have  a  new  English  Edward,  which,  in  my  opinion,  will  bet- 

ter embod}T  the  various  needs  of  England  and  can  be  more  homoge- 
neously associated  with  other  foreign  types  in  future  comparisons  of 

battleships. 
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i  the  ease  of  the  Con<l< .  Montcalm,  etc.,  but  on  the  basts  of  6  r 

1300—02.    (To  face  page  502.) 
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scription          15 

A,  battleship,  Italy          18 
Abdul  Humid,  protected  cruiser,  Turkey, 
description         21 

Abdul  Med j  id.    protected  cruiser,  Turkey, 
description          21 

Aboukir,    armored    cruiser,  England,  gun 
trials         160 

Accidents: 

Discussion  of  causes  of  recent  gun  ex- 
plosions   190, 193 

During  trial  of  15  c.  m.  gun  at  Bofors, 
Sweden         189 

Explosion  of  partly  manufactured  blast- 
ing gelatin         192 

Explosion  of  G-inch  gun  on  board  Royal 
'  ign        190 

Explosion    on    board   Danish    gunboat 
Moen         191 

Torpedo    accident    on    hoard    Erenc  i 
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12-inch  gun  explosion  on  H.  M.  S.  Mars.       187 

ASgtr,  coast-defense  vessel,  Germany,  casu- 
alty          80 

Aeran,  armored  coast-defense  vessel,  Nor- 
way, description    35 

Aeren,  battleship,  Sweden,  launched    14 

Ahlteuki,  torpedo-boat  destroyer,  Japan: 
Inscription    35 
Launched    13 

B m  trial    60 

Akula,  torpedo-boat  destroyer,  Russia: 
Description    37 
Launched    11 

Alma*  protected  cruiser,  Russia,  laid  down.  11 
{submarine,  France,  laid  down    io 

Amazone,  cruiser.  Germany,  casualty    80 
Atniral  Aube,  armored  cruisei 

Description    2'j 
Laid  down           ID 

Launched         12 

Ammunition,  Krupp  Improvement  In  car- 
tii<l           J77 

AmphUrite,  crul              land,  casualty    7<; 
Andrea  DoHa,  battleship,  Italy,  casualty  ..  82 
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laity                           77 

Anguille,  submarine,  Prance,  laid  down.  10 
Arab     torpedo  boat    d<                 I  ingland, 
launched  12 
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Arc,  torpedo-boat  destroyer,   France,  laid 
down    10 

Arcona,  cruiser,  Germany: 
Description    32 
Launched    13 

Argentina: 
Construction    14 

Shipbuilding  program    14 
Ariadne,  cruiser,  Germany,  casualty    80 
Armor: 

A  new  Krupp  process    126 
Notes  on    121 

Protection  of  battleships,  comparison  of 
types    131 

Test  of  Beardmore  plates    124 
Test  of,  for  H.  M.  S.  Venerable    127 
Test  of,  for  H.  M.  S.  Bulwark    128 
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shields    129 

Tests    by    Vickers,  Sons  &  Maxim,  of 

capped  projectiles  against  6-inch  and 
12-inch  Krupp  plates   •    121 

Arpad,  battleship,  Austria: 
Description    22 
Launched    11 

Arrogant,  cruiser,  England,  coaling  record. .  71 

Arrogant   cl  ss   cruisers,  England,   recon- 
struction    6(> 

Asa8hio,  torpedo-boat  destroyer,  Japan: 
Description    35 
Launched    13 
Steam  trial    62 

Astatki  as  fuel    208 
Austria: 

Boilers    226 

Construction    16 

Naval  budget     166 
New  slops  and  torpedo  hoats    22 

Shipbuilding  program     16 
Ships  laid  down  since  last  report    ID 

Ships  launched  since  last  report    n 
Wireless  telegraphy  installations    640 

B. 

ate  i>mcii< !,  battleship,  Austria: 

l>'       '    I ■iplloll                                        I    • 
Laid  down    10 

rmany,  to  be  laid  dow  n.....  18 
/;  battleship,  Ital)  i« 
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Bacchante,  armored  cruiser,  England,  steam 
trial    41 

Baklan,  torpedo-boat  destroyer,  Russia: 
Description    37 
La  unched    14 

Batiste,  torpedo-boat  destroyer,  France,  laid 
down     .    10 

Ballistics,  some  velocities  and  pressures  of 
recent  date    154 

Barfieur,  battleship,  England,  reconstruction  06 

Bedford,  armored  cruiser,  England: 

Description    25 
Launched    12 

Steam  trial    42 

Belter,  torpedo-boat  destroyer,  France,  laid 
down    10 

Belle  isle: 

Experiment  of  1900    104 

Experiment  of  1902    132 

Benedetto  Brin,  battleship,  Italy: 

Description    33 
Launched    13 

Beowulf,  coast-defense  ironclad,  Germany, 
reconstruction    68 

Bethlehem   Steel    Company,   elements   of 
guns    120 

Bl it cher,  school-ship.  Germany,  casualty...  81 
Bogatyr,  cruiser,  Russia,  steam  trial    03 
Boilers: 

Report  of  committee  on  water-tube 
boilers  on  the  trials  of  H.  M.  S.  Hya- 

cinth and  H.  If.  S.  Minerva    266 

The  water-tube  question  in  the  German 
navy    23s 

Boilers  (water-tubular): 
Austria    226 

Denmark    220 

England. .,    231 
France    226 

Germany    228 
Holland    230 

Italy    22s 
Japan    229 

Norway  and  Sweden    230 
Russia    230 

Spain    230 

Bombarde,  torpedo-boat  destroyer,  France. 
laid  down        10 

Bonitc,  submarine.  France,  laid  down    10 

Boric,  torpedo  boat.  France,  steam  trial    55 
Borodino,  battleship,  Russia: 

Description    35 
Launched    14 

Bourrasque,  seagoing  torpedo  boat,  France: 
Launched    12 

Description    31 
Steam  trial    55 

Bouvet,  battleship,  France: 
Coaling  record    73 

Casualty    79 

Bouvines,    armored    coast    defense    vessel, 
France,  coaling  record    73 

Brandenburg  class,  battleships,   Germany, 
reconstruction     18,68 

Braun     (Siemens-Halskeh     wireless-teleg- 
raphy system    265 

Page. 

Brazil : 

Construction    ]  5 

Shipbuilding  program    15 
Budgets,  naval    449 

Bnichok,  torpedo-boat  destroyer,  Russia: 
Description    37 
Launched    14 C. 

C.  {Soma),  battleship,  Italy    18 
Cad  in  us,  sloop.  England,  laid  down    10 

Caesar,  battleship.  England,  coaling  record.  72 

Capitan    Merino    Tarpa,    torpedo-boat    de- 
stroyer, Chile,  purchased    15 

Capitan    O'Brien,    torpedo-boat    destroyer. 
Chile,  purchased    15 

Capitan    Thomson,   torpedo-boat  destroyer. 
Chile,  purchased    15 

('astor,  submarine.  France,  laid  down    10 

Cataputte,  torpedo-boat  destroyer.  France. 
lai  1  down    10 

Centurion,  battleship,  England,  reconstruc- 
tion    66 

Chacabuco,  protected    cruiser,  Chile,  pur- 
chased    15 

Challenger,     protected    cruiser.     England. 
launched    12 

Channel  fleet,  England,  coaling  records.. .  71 

Charles  Mattel,  battleship.  France,  coaling 
record    73 

Chateaurenautt,  protected  cruiser,  France. 
steam  trial    52 

Chihaya,  dispatch  boat,  Japan,  steam  trial.  60 
Chile: 

Construction    1 5 

shipbuilding  program    15 

China,  marine  casualties    7"> 
Circe,   torpedo    gunboat,   England,   recon- 

struction    67 

Clio,  sloop,  England,  laid  down    10 
Coaling  machinery    202 

Coaling  records: 
England    71 
France    72 

Germany    74 

Cobra,    torpedo-boat     destroyer.     England, 

casualty    76 
Coetlogon,  cruiser,  France,  reconstruction..  68 
Condi ,  armored  cruiser.  France: 

Description    29 
Launched    12 

Condor,  gunboat,  Spain,  casualty   
Condor,  sloop.  England,  casualty    K 
Construction: 

Abroad       I 

Argentina    14 
Austria    16 
Brazil    16 

Chile    16 

England    MS 
France    17 

Germany    ix 
Italy    L8 

Japan     It 
Mexico    It 
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Nicaragua      19 
Norway    19 
Russia    19 
Sweden    21 

Turkey    21 
Cordite  in  British  navy    161 
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Description    23 
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description    25 
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Emanuek    471 

( tyclone,  destroyer,  Russia,  t ype    20 

D. 

Dandolo,  battleship,  Italy,  reconstruction..        69 
Jfard,  torpedo-boat  destroyer,  France,  laid 
down          10 
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Democratic,  battleship,  France,  authorized.        17 
Denmark: 
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tion           67 

Devonshire,  armored  cruiser,  England,  laid 
down          10 

Devonshire  class,  armored  cruisers,  England, 
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Dragon,  torpedo-boat   destroyer,  England, 
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■  tipetii  Thouars,  armored  cruiser,  Fran 
Description   
Launched          12 
P  nam.,-  ami  engine 
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kit]  76 
Rtectra,  torpedo  boa  I    d<  and, 

77 

Electi 

Elsw  If-li     Kleiiii  I'JO 
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EncounU  r,  protected  cruiser,  launched    12 
Engineering  notes    197 
England: 

Boilers    231 

Coaling  records     71 
Construction    16 
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Explosion  of  partly  manufactured  blast- 
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Gun  trials: 
Form  idable    156 
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Irresistible    157 
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Steam  trials    39 
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pointers    149 

Wireless  telegraphy  installations    341 

12-inch  gun  explosion  on  II.  M.S.  Mars.  187 
Epieu,  torpedo-boat  destroyer,  France,  laid 
down    10 

Ersatz  Drache,  battleship,  Austria,  descrip- 
tion   15 

Ersatz   Kaiser,  armored  cruiser,  Germany, 
description    is 

Ersatz    Konig    WUlvelm,    armored    cruiser, 
Germany: 

Description    SI 
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tion   15 
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Essex,  armored  cruiser,  England: 

i  description    25 
Launched    12 

Espadon,  submarine,  France: 
Description    81 
Launched    L8 
Trial   

■  ill .  sloop,  England,  steam  trial  ...  US 
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Exmouth,  battleship,  England — Continued. 
Launched    12 

Steam  trial    41 

Explosives: 
Cordite,  M.  D     161 

Wet  gun  cotton  as  bursting  charge  for 
shell    163 

F. 

Fairy,    torpedo-boat     destroyer,    England, 
casualty    78 

Fantome,  sloop,  England,  steam  trial    46 

Filin,  torpedo-boat  destroyer,  Russia,  steam 
trial    64 

Flambcrge,  torpedo-boat  destroyer.  France: 
Description    30 
Launched    12 

Forbin,  cruiser,  France,  reconstruction    68 

Forel,  torpedo  boat,  Russia,  casualty    83 

Formidable,  battleship,  England: 

Casualty    75 
Gun  trials    156 

Fourth     of     July     {Ckacabuco),     protected 
cruiser,  Chile,  purchased    15 

France: 

Boilers    226 

Coaling  records    72 
Construction    17 

Marine  casualties    79 

Naval  budget    454 
Naval  manoeuvres    410 

New  ships  and  torpedo  boats    29 
Reconstruction  of  old  ships    67 

Shipbuilding  program    17 

Ships  launched  since  last  report    12 

Ships  laid  down  since  last  report    10 
Steam  trials    51 

Target  practice  of  northern  squadron. .  151 

Torpedo  accident  on  bofirdJaureguibi  rry  191 

Wireless-telegraphy  installations    340 
Francesco  Ferruccio,  battleship,  Italy: 

Description    :;:; 
Launched    IS 

Francisque,  torpedo-boat  destroyer,  France, 
laid  down    10 

Frauenlob,  cruiser.  Germany: 
Description    32 
Launched    13 

Freccia,  torpedo  boat.  Italy,  casualty    82 

Fronde,  torpedo-boat  destroyer.  France,  laid 
down    10 

Furious,  cruiser,  England,  coaling  record..  71 
Fuse: 

Krupp  safety  detonating    17:'. 
Krupp  safety  device  for  compound  fuse.  175 

G. 

G  108,    torpedo-boat    destroyer,    Germany, 
steam  trial    68 

G  108  to  in,  torpedo-boat  destroyers,  Ger- 
many, launched    1:5 

G  108  to  /;,>,  torpedo-boat  destroyers.  Ger- 
many, description    32 

g  in  to  //..'.  torpedo-boat  destroyers,  Ger- 
many, laid  down    n 

Page. 

Gayara,    torpedo-boat    destroyer,    Russia, 
steam  trial   

Gaulois,  battleship.  France,  coaling  record. 

General  Mitra,  armored  cruiser,  Argentina. 
description   

General  Boat,  armored  cruiser,  Argentina, 
description   

Germany: 

Boilers    228 

Coaling  records    74 
Construction    18 

Marine  casualties    80 

Naval  budget    460 
Naval  man< etivres    432 

New  ships  and  torpedo  boats    31 

Reconstruction  of  old  ships    68 

Shipbuilding  program    18 

Ships  laid  down  since  last  report    11 

Ships  launched  since  last  report    13 

Smoke-producing  shell    171 
Steam  trials    57 

Torpedoes,  notes  on    179 

Wireless-telegraphy  installations    340 

Giarky,  torpedo-boat  destroyer.  Russia,  au- 
thorized    2B 

Giutky,  torpedo-boat  destroyer,  Russia,  au- 
thorized    20 

Givoi,  torpedo-boat,  destroyer,    Russia,  au- 
thorized    24 

Givuca,  torpedo-boat  destroyer.  Russia,  mi- 
tb<  irized    20 

Gnome,  submarine.  France,  launched    13 

Good  Hojx  .  armored  cruiser.  England,  steam 
trial    43 

Gossamer,  torpedo  gunboat.  England: 
Reconstruction     66 
Steam  trial    67 

(iot<t,  coast-defense  vessel.  Sweden,  recon- 
struction    69 

Greyhound,    torpedo-boat    destroyer,    Eng- 
land, steam  trial    47 

Gun  cotton  as  bursting  charge  for  shell   ...  103 

Gun-cotton  charges,  manufacture  of    165 
(bm  mounts: 

Electro-hydraulic  training  gear    lis 
Hydraulic    r.    steam,  air.  and    electric 

power    92 

Krupp.  24  c.  m.  barbette  mount     97 
Notes  on    93 

Twin.  0.  P.  barbette    99 

Vickers.  center  pivot,  6-inch    101 
Vickers,  9.2-inch,  barbette  mounting..  % 

Vickers.      12-ineh.     barbette     for    two 
guns   94,  96 

12-inch,  in  British  ships    94 

Gun  trials: 
Form  idabte     156 

Bulwark    166 

im  sistible    1  :,~ 
1 '(  ntj< ana    169 
Aboukir    100 

(bins: 

Accident-  to.        S       V     ld< 

Breech  mechanism  for  6-inch  R.  V    96 

Breed)  mechanism  for  9.2-inch    H 

Breech  mechanism  for  12-inch    '.'l 
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Guns— Continued. 

Breechmechanism  for  12-pounder  quick- 
firing           89 

Danger  space  of  certain  types        106 

Dismounting  construction  for  machine.      115 

Elements— Elswick;    Vickers,    Sons    & 

Maxim;      Sehneider-Canet;     Krupp; 
Bethlehem  Steel  Co        120 

Hotchkiss    1-pounder,    37  mm.;    auto- 
matic        1 96 

Description        107 
Instructions   for    use  of.   weights    and 
measurements        112 

Improvement  in  De  Bauge  obturators..      116 

Krupp  11-inch  and  12-inch,  for  German 
ships        114 

Penetrating  powers  latest  battleships. 
table    131,132 

Structure  of  modern          86 

-terns  of  breech  closure  and  obtura- 
tion          87 

Velocities  attained  by  modern        106 

3-pounder  automatic        1 03 

14-pounder  semiautomatic        101 
Quetav Zede,  submarine,  France,  casualty..        79 

H. 

II,  battleship,  Germany,  laid  down    11 

Hannibal,     battleship,     England,     coaling 
record    71 

Harpon,  torpedo-boat    destroyer,    France, 
laid  down    10 

Hashitaku,  torpedo  boat,  Japan,  authorized  19 

HeimdaM,  coast-defense  ironclad,  Germany, 
reconstruction    68 

BBderbrand,   coast-defense    ironclad,   Ger- 
many, reconstruction    68 

ll'j(jnt,    armored    cruiser,    England,   steam 
trial    12 

Holland: 

Boilers    230 

Ships  launched  since  last  report    13 
Steam  trials    58 

HyacinUtrMinerva  trials,  tabulated  results.  285 
H ylard  ri fie,  the    1 38 

I. 

Iena,  battleship,  France,  steam  trial          51 
tmperator  Alexander  ill  battleship,  Russia: 

Description         85 
Launched    II 

Indefatigable,  cruiser,  England: 

ualty         76 
■  liiiK  record           71 

Indomptable,  armored  coast-defen 
casualty         7'.) 

' iii-hip,  England: 

(■mi  trial- 
iiai, a,    battleship,    Italy,     reconstruction 
abandon*  d       i.'.i 

'i-iim  tlon  ik 
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Italy — Continued. 
Naval  budget    468 

New  ships  and  torpedo  boats    33 

Reconstruction  of  old  ships    69 

Shipbuilding  program    18 
Ships  laid  down  since  last  report    11 

Ships  launched  since  last  report    13 
Steam  trials    59 

Wireless-telegraphy  installations    34o 
Tsumrvd,  protected  cruiser, Russia, laid  down  11 

,/,  battleship,  Germany,  laid  down    11 

./,  protected  cruiser,  Germany,  laid  down. . .  11 
Japan: 

Boilers    229 

Construction    19 

Marine  casualties    82 

Naval  budget    467 

New  ships  and  torpedo  boats    34 

Shipbuilding  program    19 

Ships  launched  since  last  report    13 
Steam  trials    60 

Wireless-telegraphy  installations    346 

Jason,   torpedo  gunboat,   England,   recon- 
struction    67 

Jaur&quiberry,  battleship,  France: 
Coaling  record    73 

Torpedo  accident  on  board    191 

■Ian  line,   torpedo-boat    destroyer,    France, 
laid  down    10 

Jeanne    d'Arc,    armored     cruiser,    France, 
steam  trial     52 

Jemtcjmg,   protected    cruiser,    Russia,    laid 
down    11 

Jules    Mickelet,    armored    cruiser,    France, 
description    17 

Jupiter,  battleship,    England,    coaling   rec- 
ord    71 

Jnviin    di'    la     Graviere,   protected    cruiser, 
France,  steam  trial    53 

Justice,  battleship,  France,  authorized    17 

   IS 

is 

11 

71 

197 

n 

A',  cruiser,  Germany,  authorized   
K,  battleship,  Germany,  authorized   

Kagul,  protected  cruiser,  Russia,  laid  do\n  u. 
Kat'Chi,  cruiser,  China,  casualty   
Kaiser  Barbarossa,  battleship,  Germany: 

<  baling  record   
Steam  trial   

Kaiser  Karldi  r  Grosm ,  battleship,  Germany, 
•team  trial     

Kaiser    Wtthelm    II,  battleship,   German) 
control  under  three  screws   

Kalgoula,  protected  cruiser,   Russia,  laid 
down      

Kamchatka,  collier,  Russia: 
Description .... 
Laid  di.w  u 

Kamont ,  torpedo  boat,  lapan,  authorised., 
Kasumi,  torpedo  boal  deal  i    j  i  i    fapan 

i  Iption 
Launched 

i  ; 

i.l 
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Kefal,  torpedo-boat  destroyer,  Russia: 
Description    37 
Launched    14 

King  Alfred,  armored  cruiser,  England: 
Description    25 
Launched    12 

King  Edward,  S.  S.,  steam  turbine    198 

King  Edward    TV/,   battleship,   England, 
laid  down    10 

King  Edward  VII  class  battleships,  Eng- 
land, description    16 

Kniaz  Suiniroff,  battleship,  Russia: 

Change  in  place  of  building    36 
Laid  down    11 

Korrigan,  submarine,  France,  launched. . .  13 
Krag  magazine    141 
Krupp: 

Elements  of  guns    120 

Improvement  in  cartridge  cases    177 
Safety  detonating  fuse    173 

Safety  device  for  compound  fuse    175 

Kurfurst  Friedrich  Wilhelm,  battleship,  Ger- 
many, casualty    ^1 

L. 

L,  battleship,  Germany,  authorized    is 

I,  cruiser.  Germany,  authorized    is 

Lancaster,  armored  cruiser.  England: 

Description    25 
Launched    12 

Lton  Gambetta,  armored  cruiser.  France: 

Description    29 
Launched   ....  12 

Lcpantti.    battleship,    Italy,    reconstruction 
abandoned    09 

Leviathan,  armored  cruiser,  England: 
Launched      12 

Steam  trial    44 

Libert/,  battleship,  France,  authorized    17 
Liquid  fuel    205 

"Liquid  fuel  for  .ships"    217 
Liquid  fuel  trials: 

I  ►estroyer  Surly    205 
Revenue  cutters— 

Brak    207 

Dog    207 
Hosenwind    207 

S.  S.  Brouwt  r    211 

S.  S.  Tanglin    218 

Torpedo  boat  Pangrango    206 
London,  battleship,  England,  steam  trial  ..  39 

lotos,  torpedo-boat  destroyer.  Russia: 
Description   
Launched    14 

Loutre,  submarine,  Prance,  laid  down    10 
Ludion,  submarine,  France,  laid  down    10 
Lyddite,  value  of.  in  shell    171 

Lynx,  submarine,  France,  laid  down    10 
M. 

Magnificent,   battleship,     England,   coaling 
record    71 

Majestic,  battleship,  England,  coaling  rec- 
ord    71 

Makrel,  torpedo  boat,  Russia,  launched    14 

Makrel,  torpedo-boat  destroyer,  Russia,  de- 

scription   ^"7 

Page 

Manoeuvres,  naval.    ( Sac  naval  maneuv 
Marine  casualties: 

China   

Denmark          75 

England   
France    

Germany   -.   
Italy   

Japan   
Russia   

Spain          83 

Mara,  battleship.  England: 
casualty          76 

Coaling  record          71 

12-inch  gun  explosion        187 
Mars  pistol         135 

Massena,  battleship.  France,  coaling  record.        7;'» 
Mauser  magazine        140 
Mi '1  use.  submarine.  France,  laid  down          10 

Mecklenburg,  battleship,  Germany: 

Description          31 
Launched          13 

Merlin,  sloop.  England,  launched          12 

M'  rsi ,/.  cruiser,  England,  casualty          M 

Messoudieh,  battleship,  Turkey:  09 
Reconstruction   

Steam  trial           70 
Mexico: 

( '( instruction         19 
Shipbuilding  program          11 

Mikasa.  battleship,  Japan,  steam  trial         8f 

Minerva,  cruiser,  England,  coaling  record..  71 

Mistral,  torpedo  boat,  France,  steam  trial..  9 

Moen,  gunboat.  Denmark: 
( 'asualty   

Explosion  on  board         191 
Monmouth,  armored  cruiser.  England: 

Description          25 
Launched          IS 

Montcalm,   armored  cruiser.  France,  steam 
trial          52 

Moorhen,  shallow-draft  gunboat,  England: 

Description   
Launched          12 

Steam  trial         47 

Motors,  electric,  for: 

Ammunition  hoists    305-316 
Ventilators    SOf 

Pumps           308 
Winches  and  hoists    306-316 

Turret  training  gear    307-310 
Capstans    307-31 7 
steering  gear    308-315 

Motors,  electric,  on  German  coast-defense 

ship  Anjir         315 

Mousquet,  torpedo-boat  destroyer.  France. 
laid  down          10 

Mousqueton,  torpedo-boat  destroyer,  France 
laid  down          10 

Muriel.  Trafalgar,  coaled  from          72 

Musashi,  gunboat.  Japan,  casualty          B2 X. 

Naiade,  submarine,  France,  laid  down          11 

Xalim.  torpedo-boat  destroyer,  Russia: 
Description   
Launched           H 
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Naval  estimates  and  budgets    449 

Naval  manceuvers  of  1901    369 

England    369 
England  ( 1900,  supplementary )    434 
France   -  410 

rmany  . . .'    432 
Russia    433 

Nerabo,  torpedo-boat  destroyer,  Italy,  steam 
trial    59 

New  ships  and  torpedo  boats: 
Austria    22 

England    23 
France    29 

Germany    31 

Italy     33 
Japan    34 

Norway    35 
Portugal    35 
Russia    35 

Nicaragua: 
Construction    19 

Shipbuilding  program    19 

NUaka,    protected    cruiser,  Japan,   recon- 
struction    34 

No.  1,  submarine,  England,  trial    50 
Nos.  1  to5,  submarines.  England,  launched.  12 

No.  1U,  torpedo  boat,  England,  casualty    79 

No.  76,  torpedo  boat,  Germany,  casualty  ...  82 

No.  81,  torpedo  boat,  England,  casualty    79 
No.  107.  torpedo  boat,  England,  steam  trial.  49 

Not.   10?  and  10S,  torpedo  boats,  England, 
launched    12 

No.  10H,  torpedo  boat,  England: 

Description    28 
Steam  trial    49 

No.  Ith,  torpedo  boat,  France,  casualty    80 

No.  1US,  torpedo  boat,  Fiance,  launched    12 

No.  16U,  torpedo  boat.  France,  casualty    80 

No.  i08,  torpedo  boat,  France,  casualty    ho 
NO.  tl6,  torpedo  boat,  France,  casualty    SO 

.'./' to  .'..'';.  torpedo   boat:-.  France, 
launched    12 

5$  to 256,  torpedo  boats,  France,  steam 
trials    55 

SStOtW,  torpedo  bouts,  Era  nee, 
launched    12 

torpedo  boats,  France,  de- 
scription   31 

.'/,  160,  and  ..'';',,  torpedo  boats,  France, 
launched    3] 

94 and  165,  torpedo  boat,  France, 

launched    \-> 

torpedo  boat-,  France,  laid 
down    10 

, ,  torpedo  boa i,  France,  laid  down...  in 
Nora 

ten                            ■_';;() 
tutrucllon  . . .  19 

New    ihlpt  and  tolpe.l. 
(Shipbuilding  program    19 
w  Ii  hy  installation! 

■  :i  electricity  . 

Note*  on  liquid  fuel 

Page. 

Notes  on  naval  budgets,  1902-3    449 
Austria    466 

England    449 
France    454 

Germany    460 

Italy    468 

Japan    KIT 
Russia   

Sweden   

Notes  on  ships  and  torpedo  boats   
Notes  on  steam  launches        200 

Novik,  protected  cruiser,  Russia: 
Steam  trial          64 

Type          20 

Nyrok,     torpedo-boat     destroyer,     Russia, 
steam  trial   :   

466 

469 

9 

:    64 

O. 

Obry  gear: 
Modifications  in    179 

Sinking  device,  in  connection  with    181 

Odin,  sloop,  England,  launched    12 

Okean,  training  ship  and  collier,  Russia: 
Description    36 
Launched    14 

Oleg,  protected  cruiser,  Russia,  laid  down..  11 
Orel,  battleship,  Russia,  launched    14 

Ostrich,   torpedo-boat  destroyer,    England, 
casualty    78 

Otarie,  submarine,  France,  laid  down    11 

Otchakoff,   protected    cruiser,    Russia,    laid 
down    11 

Otori,  torpedo  boat,  Japan,  authorized    19 

Oursin,  submarine,  France,  laid  down    11 

P. 

Pactolus,  cruiser,  England,  coaling  record  .  71 

Pallada,  cruiser,  Russia,  steam  trial    64 

Pctirie,  battleship,  France: 
Description    29 
Laid  down    10 

Perewiet,  cruiser,  Russia,  casualty    83 

Perle,  submarine,  France,  laid  down    11 

Pet*  /■  Kochta,  submarine,  Russia    20 
Pfioque,  submarine,  France,  laid  down    11 

J  istukt,  torpedo-boat  destroyer,  France,  laid 
down    10 

Pobieda,  battleship,  Russia,  steam  trial    62 

Popoh'-Ducretet  w  Ireless  telegraphy  system.  360 
Porcupine,  torpedo  boat.  England, casualty.  76 
Portugal: 

New  ships  and  torpedo  boats    35 
Reconstruction  of  old  ships    69 

Ships  la  111  idled  since  las)  report    I  ; 

Powders,  notes  on    105 

Powerful,  protected  cruiser,   England 
const  ruction    t,(i 

p/  inn  Adalbt  it,  armored  cruiser  <  lei  many, 
1  ipiion    18,82 

/'/ inct  I'n di  1  tck  Karl,  armored  cruiser,  1 many: 

Description ,     .     :;i 
Launch)  d  1  ; 

/'<  tin                      ■  1  leshlp   1  ngland ii.  crlpl Ion 

Launch)  d  12 
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Prinz  Heinrich,  armored  cruiser,  Germany, 
description    18 

Projectiles: 
Krupp  safety  detonating  fuse    173 

Kruppsafetydeviee  for  compound  fuses.  175 

Lyddite  shell    171 
Notes  on    171 

Notes  on  capped    104 

Shell-banding  press    171 

Smoke-producing  shell    171 

Q. 

Queen,  battleship,  England: 
Description   
Launched    

23 

12 
R. 

Racehorse,  torpedo-boat  desfctoyer,  England, 
steam  trial           47 

Rafale,  seagoing  torpedo  boat.  France: 
Launched          12 

Steam  trial          55 

Rapiere,  torpedo-boat  destroyer,  France: 
Description          30 
Launched           12 

Reconstruction  of  old  sbips: 

England          66 
France           67 

Germany          68 

Italy          69 

Portugal          69 
Sweden           69 

Turkey           69 

Recruit,  torpedo-boat  destroyer,   England, 
casualty           79 

Regina  Elena,  battleship,  Italy,  laid  down..        11 

Republique,  battleship,  France: 
Description          29 
Laid  down           10 

Repulse,  battleship,  England,  coaling  record.       71 

Requin,     armored     coast-defense     vessel, 
France,  steam  trial           53 

Resolution,    battleship,    England,    coaling 
record           71 

Retvisan,  battleship,  Russia: 

Fitted    with    Lidgewood-Miller   cable- 
way          203 

Steam  t  rial           62 

Rcyman.  ("apt.  A.,  control  spectacles         150 
Ri&ddoni,  submarine,  Argentina,  descrip- 

tion           14 

RincUdo,  sloop,  England,  steam  trial          i7 

Rindjani,  torpedo  boat,  Holland: 
Launched          13 

Steam  trial   

Riodela  Plata,  cruiser,  Spain,  casualty          83 

Roebuck,  torpedo-boat  destroyer,  England, 
steam  trial          48 

Roma  ( C. ),  battleship,  Italy         18 

Royal  Sovereign,  battleship,  England,  explo- 
sion of  6-inch  gun  on  board         190 

Royal  Sovereign  class  battleships,  England, 
reconstruction           (16 

Ritxxdl,  battleship,  England,  steam  trial ...        39 

Page. 

Russia: 

Boilers     230 

Construction    19 

Marine  casualties    83 

Naval  budget    466 
Naval  maneuvers    433 

New  ships  and  torpedo  boats    35 

Shipbuilding  program    19 

ships  laid  down  since  last  report    11 
Steam  trials    62 

Target  practice  with  dummies    149 

Wireless  telegraphy  installations    346 

s. 

>'-•>?,  torpedo  boat,  Germany,  casualty    82 
S-U2,  torpedo  boat,  Germany,  casualty    82 

S-102  to  107,  torpedo-boat  destroyers,  Ger- 
many, description    32 

S-105  to  107,  torpedo-boat  destroyers,  Ger- 
many, launched    13 

S-107,   torpedo-boat    destroyer,  Germany, 
steam  trial   ,    58 

Sabre,  torpedo-boat  destroyer,  France,  laid 
down    10 

Sac/ism  class,  battleship,  Germany    18 

Sagaie,  torpedo-boat  destroyer,  France,  laid 
down    10 

Sagi,  torpedo  boat,  Japan,  authorized    19 

Salmon,  torpedo-boat    destroyer,  England, 
casualty    7S 

Schamicn,  gunboat,  Germany,  purchased. . .  18 

Schneider-Canet,  elements  of  guns    120 

Schwaben,  battleship.  Germany: 
Description    31 
Launched    13 

Schwartzkopff: 

Some  runs  of  torpedo.    Submerged  dis- 
cbarge    180 

Tube    184 

shipbuilding  program:      - 
Argentina    14 
Austria    15 

Brazil     15 

Chile    15 

England    M 
France    17 

Germany    Is 
Italy    18 

Japan    19 
Mexico    19 
Nicaragua    19 

Norway    19 
Russia    W 
Sweden    -1 

Turkey    -1 

Ships  laid  down  since  last  report: 
Austria    10 

France    1° 

England    10 

Germany    n 
Italy    H 
Russia    u 

Ships  launched  since  last  report: 
Austria    H 

England    U 
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Ships  launched  since  last  report — Continued. 
France    12 

Germany    13 
Holland    13 

Italy    13 

Japan    13 
Portugal    13 

kumo,  torpedo-boat  destroyer.  Japan: 
Description    35 
Launched    13 

am  trial    61 

ied  class: 

Battleship.  Germany    18 

Coast-defense  ironclads,  Germany,  re- 
construction    68 

re,  submarine,  France: 

Description    31 
Launched    13 

Steam  trial    56 

Simoun,  torpedo  boat,  France,  steam  trial..  55 

o,  torpedo  boat.  France,  steam  trial...  53 

Skipjack,  torpedo  gunboat,  England,  recon- 
struction    67 

Scorpion,  gunboat.  Nicaragua,  purchased ...  19 

Slaby-Arco  wireless-telegraphy  system    350 
Slam,  battleship,  Russia,  laid  down    11 
Small  arms: 

Krag  magazine    141 

Mars  automatic  pistol    135 
Mauser  magazine  for  rifles    140 
Notes  on    135 

The  Hylard  rifle    138 

Snow,  resistance  of ,  to  rifle  bullets    129 

Sohol  type  torpedo-boat  destroyers,  Russia, 
am  trials    64 

Soujfleur,  submarine-.  France,  laid  down  ...  11 
Bona,  torpedo-boat  destroyer,  Russia,  steam 

trial    64 

Spain: 
boilers    230 
Marine  casualties    s:i 

Wireless-telegraphy  installations    31i; 
Spartiaie,  protected  cruiser,  England,  steam 

trial    45 

Speedwell,  torpedo  gunboat,  England,  recon- 
struction    66 

Spiteful,  torpedo-boat   destroyer,  England, 
casualty    7* 

St.  George,  cruiser,  England, coaling  record.  71 

St.  Louis,  battleship,  France, coaling  record.  73 

Stat .  torpedo-boat  destroyer,  England,  casu 
alty    7s 

England    gg 
   ,i 

man)    
Holland    

Japan                                           60 

62 

edei 

turbine,           I  pts 
Stromboli 

Stylet  17 ixl: 

ncbed  12 

Page 

Suffren,  battleship,  France,  steam  trial    51 

Svea,  coast-defense  vessel,  Sweden,   recon- 
struction    69 

Sweden: 

Accident  during  15  cm.   gun   trial  at 
Bofors    189 

Construction    21 

Platform  for  training  gun  pointers    154 

Naval  budget    469 
Reconstruction  of  old  ships    69 

Shipbuilding  program     21 
Steam  trials    65 

Wireless-telegraphy  installations    348 
Syntonization    336 

Syren,    torpedo-boat    destroyer,    England, 
steam  trial    48 

T. 

Talbot  class,  cruiser,   England,  reconstruc- 
tion   66 

Tapperhcten,  armored  coast-defense  vessel, 
Sweden: 

Description      35 
Launched    11 

Target  practice: 
France,  northern  squadron    151 
Loading  contests  in  British  navy    149 
Notes  on    143 

Platform  for  training  gun  pointers  in 
Swedish  navy    154 

Prize  firing  in  Channel  Squadron    1  l(i 
Practice  of  IT.  M.  S.  Crescent    147 
Rate  of  fire  in  British  service    152 

Rate  of  fire,  various    153 

Reyman's  "control  spectacles  "    150 
Russia,  practice  with  dummies    l  it) 
The  dotter    147 

The  loading  machine    1  is 

The  Terrible's  latest  practice    144 
Distribution  of  prize  money    145 

Teal,     shallow-draft     gunboat,      England, 
steam  trial    17 

Tejo,  torpedo  boat,  Portugal,  description...  35 

Tejo,  gunboat,  Portugal,  launched    13 

Ten  i  perl  y-Mi  Her  transporter,  Tni/alt/ar- Em- 

press of  India-Muriel  experiments    72 
Terrible,  protected  cruiser,  England: 

Coaling  record    71 
Reconstruction         tit; 

Tin  Its,    protected    clllisel'.    CcllliailV,    sleaill 
trial    ,s 

'Tin, a,  submarine,  France,  laid. down         11 
Tiniii ,  coast  defense  vessel,  Sweden,  recon 
struction         69 

Tiger,    torpedo-boat    destroyer,    England; 
casually    78 

Torpedoes: 
Notes  on        it'.i 
Sinking  device  for   those   fitted   with 

Obry  gear  ....  isi 
in-  runs  of  the  Schwartzkopfl        L80 

discharge  tube    Bchwai 

Icopfl  IM 

tigar,    batth  ihip,    England     i  oaling 

•  i 

Tramontane ,  toi pedo  )"•  U  am trial 
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Transmission  of  electric  energy  on  board  of 

war  ships  (by  Naval  Constructor  C. 
Laurenti  i    317 

Tribune,  cruiser.  England,  coaling  record  .  71 
Triton,  submarine.  France: 

Description    31 
sualty    79 

Launched    13 
Trial    56 

Trombc,  torpedo  boat,  France,  steam  trial . 

Tromblon,  torpedo-boat  destroyer.  France  .  17 
•Y.  cruiser.  France,  reconstruction    68 

Truitc.  submarine.  France,  laid  down    11 

Tsushima,  protected  cruiser.  Japan,  recon- 
struction    34 

Turbine,  torpedo-boat  destroyer,  Italy: 
Description    34 
Launched    13 

am  trial    60 

Turkey: 
Construction    21 

Reconstruction  of  old  ships    69 
Shipbuilding  program    21 

Turrets,  use  < >f  ball  bearings  for    118 
Typhon,  torpedo  boat.  France,  steam  trial  .  55 

Uzura,  torpedo  boat.  Japan,  authorized          19 
da  Gama,  a  last-defense  ironclad,  Por- 

tugal, reconstruction          GO 

Velox,  torpedo-boat  destroyer,  England: 
Description          28 
Turbine        199 

Venerable,  battleship.  England,  steam  trial.        40 
ance,  battleship,  England,  gun  trials.      169 

Verite,  battleship,  France,  authorized          17 
Vickcrs.     Sons    &     Maxim,     element- 

guns         120 
Victor  Hugo,  armored  cruiser,  France,  laid 
down          10 

Vigilant,  torpedo-boat  destroyer,  England. 
casualty           79 

Viper,    torpedo-boat    destroyer,    England, 
casualty          77 

Page 

Vitlorio  Emanuele,  battleship,  Italy: 
Battery    33 

Description  of.  by  Cuniberti   (transla- 
tion!   471 

Laid  down     11 

Type    9, 18 

1  'ityas,  cruiser.  Russia   
Varan,  torpedo-boat  destroyer.  Russia. steam 

trial    64 

Vorwarts,  gunboat,  Germany,  purchased  ..  18 
Vulture,  torpedo-boat  destroyer,  England, 
casualty    79 

Waeht.  cruiser,  Germany,  casualty    81 
armored  coast-defense  vessel,  Sweden: 

Description    35 
Launched    14 

Wt  issenburg,  battleship,  Germany. casualty.  81 
Wireless  telegraphy    335 

Installations — 
Austria    340 
Denmark    340 

England    341 
France    340 

Germany    340 
Italy   
Japan    346 
Norway    348 
Russia    346 

Spain    346 
-       den     348 

Popoff-Ducretet  system    360 
system,  description  of    350 

The  Braun  (Siemens-Halsft                1  ..  365 
Wireless  telegraphy  systems    340 
Wittetebach     class     battleships.    Germany, 

ription    31 
I,  torpedo  boat  destroyer,  England. 

laity    7s 
cruiser,  Japan,  casualty    82 

torpedo-boat  destroyer,  am 
trial    64 

Zavetni,    torpedo-boat    destroyer,    Re- 
authorized    20 

Zarirfui.    torpedo-boat    destroyer,    Rus 
authorized   

o 

^ 
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